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Abstract 
This thesis explores the individual and group processes that occur in qualitative group 
model building, mostly using applied research in New Zealand government 
departments. 
System dynamics is an approach to understanding the behaviour of systems over time. 
Originally, system dynamics practitioners would advise corporate managers on 
business decisions. To improve the adoption of these proposed interventions, some 
practitioners experimented with involving client groups in the modelling process, now 
commonly referred to as “group model building”. Researchers not only discovered that 
group model building supports client commitment to implementing the conclusions of 
the modelling process, but also noted a range of intrapersonal and interpersonal 
changes in participants. However, group model building literature remains unclear on 
what these changes are, and how they occur. 
In Chapter 2, a literature review explores what intrapersonal and interpersonal factors 
predict effective strategy implementation. An observational study was conducted, and 
suggests that group model building workshops can have a positive impact on the 
intention to implement strategy. Several cognitive biases were proposed to explain this 
effect. 
Group model building literature claims mental model change and mental model 
alignment as outcomes, but it is not clear that the evidence supports these claims. 
Mental models are relatively enduring structures, and previous studies only evaluate 
changes observed immediately after the group model building workshop. Chapter 3 
follows participants in four group model building workshops over a 12-month period. 
The results demonstrate that participants change their decision preferences through the 
workshop, and that without reinforcement these changes persist for 12 months, 
suggesting mental model change. Participants’ preferences also become and remain 
more alike, suggesting enduring mental model alignment. Individuals whose mental 
models are more aligned are more likely to agree, and this can be an important outcome 
where decision groups are expected to build shared understandings over time. The 
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evaluations also reveal that participants are both persuaded by their peers and learn new 
insights from the modelling process. The new insights were much more easily retained 
than decision preferences from persuasion. 
This study did not rely on participants self-reporting their learning processes. A 
comparison of the results of this study and each participant’s questionnaire results 
(from Chapter 2) suggested that, in this case, questionnaire results do correlate with 
individual level outcomes. This finding increases the validity of many previous studies 
that use the same questionnaire tool.  
Having demonstrated that mental model change (and mental model alignment) 
occurred, this thesis turns its attention to how these changes happen. Several 
mechanisms have been proposed in the literature over the past 20 years, but none of 
these have been compared against each other. This deficiency is addressed in Chapter 
4. Participants in group model building sessions were interviewed, to explore what they 
felt the workshop achieved and how these effects occurred. Participants’ experience of 
group model building workshops was most consistent with the Boundary Object 
mechanism, which suggests that tangible, modifiable objects that represent 
dependencies help to support participant trust and agreement. The Boundary Object 
mechanism provides important theory for refining group model building practice and 
informing where group model building may be most applicable. 
Finally, the thesis explores which (if any) of these findings matter to potential clients. 
Public servants conduct group-decision processes with increasing frequency. Chapter 5 
describes interviews and survey questionnaires with public servants from several New 
Zealand government departments, who frequently commission or conduct group 
decision processes. Questionnaire results show that public servants value commitment 
to conclusions, consensus, communication quality and enduring mental model change. 
Interview results show that in some circumstances, shared understanding (mental model 
alignment) can be critical. 
Group model building workshops are believed to affect cognitive processes and 
behaviour of participants. There is currently a lack of understanding of the nature of 
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these changes, their persistence, their importance to clients, and their causative 
mechanisms. This thesis contributes to group model building knowledge by improving 
our understanding of each of these factors. However, this thesis also reveals new 
research gaps, and describes additional research that would advance our understanding 
further. 
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Chapter 1 Introduction   
This thesis explores the individual and group processes that occur in qualitative group 
model building, mostly using applied research in the New Zealand government. 
 
The research began with a quite different focus and method. The researcher was an 
employee of a New Zealand government department, tasked with planning and 
supporting the implementation of a newly designed strategy (included as Appendix 1). 
Most strategies fail to be implemented successfully (Walsh, 2002; Raps, 2005; Sila, 
2007); yet almost all strategy research focuses on strategy development rather than 
implementation (Raps, 2005). Research on strategy implementation in the public sector 
is even more limited, with only a few key theorists and limited evidence (Lindblom, 
1959; Moore, 1995, 2003; Talbot 1999; 2010; Kelly and Muers, 2002, 2004; Griffiths, 
2003). This research was originally conceived as an action-research (Lewin, 1948) 
approach to understand the journey of one organisation as it struggled to implement a 
new strategy. 
 
Shortly after research began, several agencies were merged together and restructured, 
including the host agency. Implementation of the original strategy was abruptly 
cancelled. This meant that it was no longer possible to explore strategy implementation 
through action research in this organisation. Rather than exploring a continuous cycle 
of planning, action, and evaluation (Lewin, 1948), the decision was made to focus on 
improving the understanding of the impacts of a small number of discrete group model 
building workshops.  
 
The original research design intended to use several tools to support strategy 
implementation. The first of these was “group model building” (Richardson and 
Andersen, 1995; Vennix, 1996). The first group model building workshops were 
conducted while it was still intended that the strategy would be implemented. A total of 
52 participants were involved in group model building workshops, and participated in a 
range of evaluation procedures about their experiences. This thesis focuses on the 
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thorough examination of data gathered from a small number of research subjects 
participating in group model building workshops. Small group research has been a key 
component of group model building literature, advancing both the theory (e.g. 
Richardson et al., 1994; Black and Andersen, 2012) and empirical basis (several 
examples discussed in Rouwette et al., 2002). 
 
The cancellation of the original strategy implementation programme created challenges 
in the research design, but also presented a unique and significant opportunity. Applied 
research often trades experimental control against external validity (Shadish et al., 
2001). The case study was completed in a real business environment, and therefore the 
opportunities for controls against alternate explanations were limited. This typically 
creates challenges in attributing any changes observed to the intervention (Zagonel and 
Rohrbaugh, 2007). In this case, the workshops were conducted on the assumption that 
the conclusions would be implemented – this ensures external validity with other 
settings that aim to implement solutions. Then, disruption in the organisation (merger 
and restructure) meant that the conclusions were not implemented – this reduces the 
impact of other activities on the changes observed and increases the likelihood that 
these changes were the result of the workshops. The experimental design was therefore 
opportunistic, responding to the unanticipated organisational changes. It would be very 
difficult to recreate this research opportunity by design. 
 
Research was conducted in accordance with ethical research plans approved by School 
of Agriculture and Food Sciences Research Committee in 2011 and 2013, including 
protocols for informed consent, withdrawal issues, accurate representation of ideas, and 
privacy and confidentiality. 
 
This chapter describes the research problem, the questions the thesis will address 
(research aims and objectives), and why this research is useful (research justification). 
The methodology is introduced briefly, followed by a description of the thesis structure. 
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1.1 Research problem 
This thesis explores the research problem:  
 
Group model building workshops are believed to affect cognitive 
processes and behaviour of participants. There is currently a lack of 
understanding of the nature of these changes, their persistence, their 
importance to clients, and their causative mechanism  
 
The research aims to contribute to the knowledge of group model building by 
improving our understanding of each of these aspects (the nature of changes, their 
persistence, their importance, and their cause). Approximately equal contributions are 
intended in empirical, theoretical, and methodological dimensions of knowledge. Two 
concepts are of particular importance in understanding this research: group model 
building, and mental model change. Both are discussed further below. 
Group model building 
System dynamics is an approach to understanding the behaviour of systems over time 
(Forrester, 1961). It was originally developed to support corporate managers in 
understanding industrial processes (Greenberger et al., 1976). 
Proposed interventions developed through system dynamics are not automatically 
adopted by an organisation (Rouwette and Vennix, 2006). This may be due to a lack of 
understanding of prevailing politics (Greenberger et al., 1976), or a lack of ownership 
by the client (Stenberg, 1980). As a result, some practitioners experimented with 
involving client groups in the modelling process (Richardson et al., 1994). These 
approaches are now commonly referred to as “group model building” (Richardson and 
Andersen, 1995; Vennix, 1996).  
In this thesis, group model building is defined quite broadly, to include any group 
process with a focus on participation, that resulted in the construction of “systems” 
models. “Systems” models describe any visual object that depicts different parts of a 
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system and the causal relationships between those parts, recognised within the systems 
thinking or system dynamics communities; this includes ouputs such as causal loop 
diagrams, influence diagrams, stock and flow models, and dynamic simulations 
(Sterman, 2000). 
The use of such a broad definition raises the question of whether “group model 
building” is the most useful title, or whether another term like “systems thinking” 
would have better described the field to which this thesis contributes.  Only relatively 
few authors use the term “group model building”; primarily research groups in Albany 
(e.g. McCart and Rohrbaugh 1989; Richardson et al., 1994; Andersen et al., 1997) and 
Nijmegen (e.g. Akkermans et al., 1993; Vennix et al., 1993; Mooy et al., 2001; 
Rouwette et al., 2002; McCardel-Keuntjeres et al., 2008; Fokkinga et al., 2009; 
Eskinasi et al., 2009; Van Nistelrooij et al., 2012). Conversely, “systems thinking” is a 
broadly used term with a rich and varied history (e.g. von Bertalanffy, 1969; 
Checkland, 1981; Churchman 1984; Senge, 1990; Bánáthy 1996; Vester, 2007; 
Meadows, 2008; Ackoff, 2010). Several other overlapping and related terms have been 
used to describe similar participatory approaches (van den Belt et al., 2010). These 
include: “anticipatory modelling” (Sendzimir et al., 2007); “collaborative modelling” 
(Selin and Chavex, 1995; Beall and Zeoli, 2008); “cooperative modelling” (Cockerill et 
al., 2006, 2007; Tidwell and van den Brink; 2008); “mediated modelling” (van den 
Belt, 2000, 2004, 2009; Goldstein, 2005; Rauschmayer and Risse, 2005; Rauschmayer 
and Wittmer, 2006; Antunes et al., 2006; van den Belt et al., 2006, 2007, 2010; Forgie 
and Richarson, 2007; Cole, 2007; Videira et al., 2006, 2009, 2010); 
“participative/participatory modelling” (Akkermans et al., 1993; Huz et al., 1997; van 
den Belt 2000, 2004; Videira et al., 2003, 2009, 2010; Hare et al., 2003; Yearley et al., 
2003; Rouwette and Vennix, 2006; Brown-Gaddis et al., 2007; Dreyer and Ren 2010); 
“participatory scoping modelling” (Sandker et al., 2007, 2008); “scoping modelling” 
(Costanza and Ruth, 1998); and “strategic forum” (Richmond, 1997). 
Ultimately, the term “group model building” was chosen for two reasons, one practical 
and one theoretical. The practical reason was that the first publication included in this 
thesis (Chapter 3) was published in the System Dynamics Review. “Group model 
5	  
building” is a term that is familiar and well understood by the audience of that journal. 
The theoretical reason was that, despite having a relatively narrow authorship, group 
model building literature had a large number of high-quality empirical studies using a 
wide variety of methods (e.g. Vennix et al., 1993; Anderson et al., 1994; Vennix and 
Rouwette, 2000; McCardel-Keuntjeres et al., 2008, 2009; Fokkinga et al., 2009; 
Rouwette 2011; Rouwette et al., 2011; Van Nistelrooij et al., 2012). There is no clear 
reason why group model building literature has tended toward empirical studies and 
systems thinking literature has tended toward descriptive studies, but one can speculate 
that this might be related to the potentially more positivist outlook of the system 
dynamics community, from which group model building arose. The empirical nature of 
much of this thesis was a good fit with previous publications under the name “group 
model building”. 
Despite using the term “group model building”, this thesis still considers literature that 
fits the broader definition of systems models and group participation. This included a 
large number of empirical studies using any of the above terms (e.g. Bentham and 
Visscher, 1994; Cavaleria and Sterman, 1997; Huz et al., 1997; Huz, 1999; van den 
Belt, 2000, 2004; Cavana et al., 1999, 2007; Maani and Maharaj, 2003). 
 
Within the fields of system dynamics and systems thinking, behaviour over time graphs 
and causal loop diagrams are widely used techniques that are considered relatively 
simple for novice use (Maani and Cavana, 2007). This makes them ideal candidates for 
study. However, they are limited in several ways: despite their apparent ease of novice-
use, it is difficult to create causal loop diagrams that accurately represent the 
behavioural consequences of causal structures (Schaffernicht, 2010), and qualitative 
models in general may be less useful than quantitative models (Homer and Oliva, 2001; 
Rouwette et al., 2002). Each of these limitations is discussed further in the following 
paragraphs. 
Causal loop diagrams consist of variables and links, with each link labelled for its 
“polarity”. Polarity has several overlapping definitions (see Table 1.1): a complete 
definition (Sterman, 2000; Lane, 2008), which is difficult for novices to understand and 
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apply; and several incomplete definitions (Richardson, 1997; Maani and Cavana, 2007; 
Lane, 2008), which lead to incorrect deductions (Schaffernicht, 2010). Additionally, 
causal loop diagrams do not distinguish between stocks and rates (Richardson, 1986), 
or between information and conserved flows (Richardson, 1997). The treatment of link 
polarity in the research described in this thesis is discussed in Section 1.4. 
Table 1.1: Definitions of polarity in causal loop diagrams (adapted from Maani and 
Cavana, 2007, and Schaffernicht, 2010) 
 Positive Negative 
Complete 
definition 
(Sterman, 2000) 
When the independent variable 
changes with a particular sign, 
then the following values of 
the dependent variable will be 
above (or less) than what they 
would have been. 
When the independent variable 
changes with a particular sign, 
then the following values of the 
dependent variable will be less 
(or above) than what they 
would have been. 
Alternative 
definition 
(Richardson, 1997) 
The independent variable adds 
to the dependent variable  
The independent variable 
subtracts from the dependent 
variable.  
Truncated 
definition (Lane, 
2008) 
When the independent variable 
changes, then the dependent 
variable changes in the same 
direction. 
When the independent variable 
changes, then the dependent 
variable changes in the opposite 
direction 
Combined 
definition (Maani 
and Cavana, 2007) 
The independent variable adds 
to the dependent variable, or a 
change in the independent 
variable causes a change in the 
dependent variable in the same 
direction. 
The independent variable 
subtracts from the dependent 
variable, or a change in the 
independent variable causes a 
change in the dependent 
variable in the opposite 
direction. 
 
The second limitation arises from the general nature of qualitative models. The term 
“group model building” has been used to describe a range of qualitative and 
quantitative modelling methods (Vennix, 1996), or a mixture of the two, where 
qualitative models are completed in the conceptualisation stage of an intervention, 
before conversion into quantitative models (Sterman, 2000; Lane, 2008). The relative 
benefits of quantitative and qualitative models have been the subject of significant 
debate in the system dynamics community (Wolstenholme and Coyle, 1983; 
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Nuthmann, 1994; Richardson, 1999; Wolstenholme, 1999; Coyle, 2000, 2001; Homer 
and Oliva, 2001; Coyle, 2001). One perspective suggests that quantitative modelling is 
always preferable because only quantitative models are formally testable (Homer and 
Oliva, 2001). Another suggests that in some cases, quantitative modelling adds no 
additional benefit above qualitative modelling, and may even mislead the client with 
false precision (Coyle, 2000).  
Qualitative models typically require fewer resources to complete (Coyle, 2000). A 
meta-analysis to compare the results of the two approaches was conducted by Rouwette 
et al. (2002), who found that quantitative models are associated with more 
commitment, consensus and system change. However, these quantitative cases involved 
far more time commitment by participants than the qualitative-only cases, and this time 
commitment, rather than an intrinsic difference in the methods, may explain the 
observed difference. The workshops in this thesis were completed with the assumption 
that dynamic behaviour cannot be reliably inferred from causal loop diagrams, but 
nonetheless that describing a system through qualitative modelling can lead to be a 
better understanding of the problem in question (Coyle, 2000), and also lead to 
interpersonal changes within the participant group (Vennix, 1996).  
While initial research focused on how group model building could improve the 
adoption of proposed interventions (Stenberg, 1980), more recent research has begun to 
explore how participation in group model building affects the individuals and groups 
participating (e.g. McCardle-Keurentjes et al., 2008; Fokkinga et al., 2009; Franco and 
Rouwette, 2011; Rouwette et al., 2011; van Nistelrooij et al., 2012; Black and 
Andersen, 2012; Black, 2013). Despite these advances, group model building literature 
remains unclear on what these methods achieve, and why (Rouwette et al., 2011; Black 
and Andersen, 2012). 
Group model building literature suffers from a lack of consistent language for 
describing intervention context (Andersen et al., 1997) and practice (Hovmand et al., 
2012). This thesis includes full documentation of the group model building 
interventions, using established formats (see Appendix 3.2).  
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Mental models of dynamic systems 
Mental models are a construct from cognitive science to describe an internal 
representation of an external reality (Craik, 1943; Jones, 2011). They are small-scale 
models that the individual believes is analogous to how the world works (Craik, 1943). 
Mental models are incomplete (Moray, 2004) and represent working models that can be 
changed (Craik, 1943; Johnson-Laird, 1983; Jones et al., 2011). 
Beyond this general definition, more detailed theory on mental models varies between 
authors (Doyle et al., 2008; Jones et al., 2011). Two distinctions are important for the 
work described in this thesis (explored below): breadth, and stability. 
Mental models are sometimes used to describe the entire range of mental 
representations and cognitive processes (Gentner and Stevens, 1983), or a smaller 
subset of these (Richardson et al., 1994; Doyle and Ford, 1998; Moray, 1998, 2004). In 
particular, attention has been given to a subset of mental representations that consider 
causal relationships, or “means-ends models” (Rouse and Morris, 1986; Richardson et 
al., 1994; Moray, 1998, 2004; Jones et al., 2011). 
Secondly, mental models are considered by some authors to be temporary structures 
that reside in the working-memory (Johnson-Laird, 1983; Wilson and Rutherford, 
1989), and by others to be more enduring structures that reside in the long-term 
memory (Craik, 1943; Bainbridge, 1991; Doyle and Ford, 1998; Moray, 2004). 
Nersessian (2002) suggests that mental models exist in the long-term memory, but are 
called upon to support more temporary models in the working-memory.  
Various definitions of mental models have been used in system dynamics/group model 
building (Forrester, 1971; Forrester, 1975; Richardson and Pugh, 1981; Vennix et al., 
1992; Richardson et al., 1994; Vennix 1996), until Doyle and Ford (1998) proposed the 
following definition for mental models of dynamic systems: “a mental model of a 
dynamic system is a relatively enduring and accessible, but limited, internal conceptual 
representation of an external system whose structure maintains the perceived structure 
of that system.” This definition has since been broadly adopted by the system dynamics 
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community (Lane, 2003; 2008; Jensen and Brehmer, 2003; Rouwette and Vennix, 
2006; Größler et al., 2008; Capelo and Dias, 2009; Winz et al., 2009; Schaffernicht and 
Größer, 2009, 2011, 2013). 
This definition describes mental models of dynamic systems at a conceptual level, but 
does not define what a mental model of a dynamic system contains. This definition was 
subsequently expanded to describe the component parts of the mental model:  
“A mental model of a dynamic system is a relatively enduring and accessible, but 
limited, internal conceptual representation of an external dynamic system (historical, 
existing, or projected). The internal representation is analogous to the external system 
and contains, on a conceptual level, reinforcing and balancing feedback loops that 
consist of causally linked stocks, flows, and intermediary variables. The causal links 
are either positive or negative, are either linear or non- linear, and can be delayed.” 
(Größer & Schaffernicht, 2012, p61)  
Mental models of dynamic systems differ from those usually explored in psychological 
literature because dynamic systems describe how a state changes over time 
(Arrowsmith and Place, 1990; Größer and Schaffernicht, 2012). Mental models, as 
explored in psychology literature, represent linked sets of logical assertions that often 
have static and open-loop characteristics, as opposed to continuous and closed-loop 
processes explored and represented in dynamic systems (Größer and Schaffernicht, 
2012). 
The most appropriate techniques for measuring changes in mental models of dynamic 
systems are yet to be established (Vennix, 1990; Schaffernicht, 2006; Doyle et al., 
2008). There are two considerations important to this thesis: separating measurement of 
mental models from measurement of their change (Andersen et al., 1997), and 
measuring change rather than perceived change (Doyle et al., 2008). Each of these is 
explained further below. 
Mental models cannot be elicited without distortion (Gentner and Stevens, 1983; Doyle  
et al., 2008; Jones, 2011; Lynam, 2012). There have been many attempts at either 
directly or indirectly eliciting mental models (Vennix, 1990; Carley and Palmquist, 
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1992; Langfield-Smith, 1992; Marko ́czy and Goldberg, 1995; Rowe and Cooke, 1995; 
Kearney and Kaplan, 1997; Abel et al., 1998; Langan-Fox et al., 2000, 2001; Ozesmi 
and Ozesmi, 2004; Dray, 2006; Johnson et al., 2007; Capelo and Dias, 2009; Fokkinga 
et al., 2009; Desthieux et al., 2010; Gary and Wood, 2011; Stone-Jovocich et al., 
2011). Each of these methods relies on deep introspection, which may increase the 
degree of organisation of an individual’s mental models (Doyle et al., 2008), 
introducing a confounding effect in measuring mental model change (Christensen, 
2007). This confounding effect is potentially magnified when applied to the very short 
interventions described in this thesis. Potential confounding effects mean that it is 
important to separate measurements of the model itself from measurements of its 
change (Andersen et al., 1997; Doyle et al., 2008).  
In iterative system dynamics methods, it may be possible to infer changes in mental 
models through changes in the system dynamics model itself (Schaffernicht, 2006; 
Schaffernicht and Größer, 2011); however the group model building processes explored 
in this thesis involved single sessions.  
This thesis does not attempt to elicit mental models, but rather to investigate their 
change over time. This is for practical reasons specific to the research design: 
potentially large confounding effects from the deep introspection involved in 
elicitation; and the absence of discrete iterations of the system dynamics model from 
which to draw inferences. The nature and content of mental models themselves is 
consequently not explored further in this thesis.  
This thesis does not however argue that attempts to elicit and measure mental models 
are not worthwhile. This thesis attempts to investigate whether group model building is 
associated with mental model change, and explore why those changes may occur. This 
provides supporting evidence for use in further research to explore the mental models 
themselves. 
Inferring change, even without eliciting mental model content, is sufficiently 
problematic on its own. Individuals do not provide reliable descriptions of their own 
cognitive change (Doyle, 1997), whether through: introspection illusion (where 
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individuals describe what they think must have happened, rather than actual 
recollections (Nisbett and Wilson, 1977)); hindsight bias (where individuals assume 
their current view is the one they have always held (Tversky and Kahneman, 1973)); or 
subject bias (where individuals report what the think researchers want to hear (Orne, 
1962)). For this reason, it is preferable to measure changes in mental models through 
methods that do not rely on individuals’ introspection (Doyle et al., 2008). This thesis 
reports on changes in decision preferences over time, as an indirect measure of mental 
model change that does not rely on participants recognising that change. 
1.2 Research aim and research questions 
The aim of this research is to better understand what group model building achieves, 
and why. This research aims to fill several gaps in our understanding, posed here as 
research questions (RQs): 
RQ1 How can group model building affect intention to implement strategy? 
RQ2 How enduring are group model building outcomes? 
RQ3 Can group model building support mental model change and mental model 
alignment among participants? 
RQ4 What mechanisms best explain mental model change and mental model 
alignment among participants in group model building? 
RQ5 Are the reported outcomes of group model building relevant to potential clients’ 
needs? 
The importance and relevance of each of these gaps is explained briefly below. 
RQ1: How can group model building affect intention to implement strategy? 
Strategy implementation remains an unresolved problem in management, where the 
majority of strategies still fail to be implemented successfully (Raps, 2005; Sila, 2007; 
de Wit and Meyer, 2008; Mulcaster 2009). Implementation remains an important 
12	  
research gap in system dynamics literature (Sterman, 2000; Snabe and Größler, 2006; 
Strohhecker and Größler, 2012). This research gap is explored more fully in Chapter 2. 
This research uses an observational study to explore how the understanding, agreement, 
and intent to implement strategy can change through a group model building process. 
RQ2: How enduring are group model building outcomes? 
Most group model building studies used anecdotal or descriptive evidence (Rouwette et 
al., 2002; Thompson, 2009). Those that do attempt quantitative evaluation mostly do so 
immediately after the workshop (Rouwette et al., 2002). A key challenge for group 
model building research is establishing the stability of any changes brought about by 
brief intervention (Doyle and Ford 1998). This research gap is explored more fully in 
Chapter 3. 
This research follows four groups over a twelve-month period to track the stability of 
any changes in their decision preferences from participation in a short group model 
building intervention. 
RQ3: Can group model building support mental model change and mental model 
alignment among participants? 
The language of mental models has been used in the system dynamics community since 
its inception (Forrester, 1961). Mental model alignment is likely to be important in 
group-decision processes, as individuals whose mental models are aligned are more 
likely to agree (Cannon-Bowers et al., 1993). Several authors have claimed that group 
model building produces mental model refinement and alignment, but have relied on 
short-term evaluations to infer long-term change (Rouwette et al., 2002). This research 
gap is explored more fully in Chapter 3. 
This research uses a quasi-experimental design (Shadish et al., 2001) to compare 
participants’ preferences before, immediately after, and twelve-months following a 
group model building intervention, and uses a number of experimental controls to 
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evaluate whether the observed changes can be attributed to mental model change and 
alignment. 
RQ4: What mechanisms best explain mental model change and mental model alignment 
among participants in group model building? 
Many authors assert that group model building causes mental model change 
(Thompson, 2009), but there is little agreement on how this occurs. Several different 
mechanisms have been proposed (Richardson et al., 1994; Vennix et al., 1996; 
Akkermans and Vennix, 1997; Richmond, 1997; Maani and Maharaj, 2003; Rouwette 
et al., 2011; Black and Andersen, 2012). This research gap is explored more fully in 
Chapter 4. 
This research provides the first comparison of different proposed mechanisms for how 
group model building could cause mental model change. Participants in group model 
building sessions are asked how group model building causes participant change, 
through semi-structured interviews (Kvale and Brinkmann, 2008). Their responses are 
compared to each of the proposed mechanisms to determine if some mechanism(s) are 
more consistent with participants’ experience of group model building. 
RQ5: Are the reported outcomes of group model building relevant to potential clients’ 
needs? 
Throughout this research, a number of different outcomes are evaluated, including: 
insight; mental model change; mental model alignment; communication quality; 
consensus; commitment to a decision; power-levelling; rating of workshop conclusions 
by non-participants; and process efficiency. It is unclear which of these outcomes are 
important to potential clients who commission and conduct group decision processes 
and who may wish to consider group model building as an approach.  
Public servants are an important potential audience for group model building processes 
(Stenberg, 1980; Vennix, 1996), and their needs for group decision processes are 
increasing and changing (Newman et al., 2004; Ansell and Gash, 2008; Emerson et al., 
2012; Eppel, 2013). This research gap is explored more fully in Chapter 5.  
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Previous studies have explored “What does the client think of it?” (Vennix et al., 1993; 
Vennix and Rouwette, 2000), by asking clients to rate the contribution of group model 
building workshops to outcomes selected by the researcher. However, group model 
building literature has not previously asked what outcomes clients rate as important. 
This research uses semi-structured interviews (Kvale and Brinkman, 2008) to explore 
the settings in which public servants may commission and conduct group decision 
processes, and which outcomes they find important in these settings. 
1.3 Research justification 
This research contributes to our understanding of what group model building achieves 
and why. Identifying and developing methods for supporting group decisions is an 
important and growing challenge (Rosenhead, 2006; Ansell and Gash, 2008). This 
research is important to several audiences: 
Academics 
Without understanding what group model building methods achieve, and how and why 
these methods are effective, researchers are hampered in their ability to develop, design 
and refine tools and methods that are useful. This research aims to enrich the 
understanding within the system dynamics community of the individual and group 
experience of participants in group model building workshops. 
Group model building practitioners 
Greater understanding of what their methods achieve is likely to be valuable to group 
model building practitioners in better identifying situations where group model building 
is likely to be effective (Sterman, 2000). Further, by improving their understanding of 
what outcomes are important to their prospective clients, they can target their services 
to meet client needs. 
Prospective clients 
 
As more and more decisions require group consensus (Ansell and Gash, 2008), 
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managers will need to access tools that can effectively support their desired process 
outcomes. Greater clarity in what group model building achieves will aid them in 
selecting group decision processes to support their work. 
1.4 Methodology 
This thesis contains four published papers (Chapters 2-5). Each of these chapters 
contains a description of the methodology as relevant to that chapter. Therefore, this 
section contains only those elements of methodology that are important to 
understanding the research as a whole. This includes: the epistemology used in this 
thesis (mixed, by mostly critical realism – Crotty, 1998); the normative paradigms of 
applied business research (Shadish et al., 2001) and group model building (Vennix, 
1996); and dimensions of research program quality within each of these paradigms 
(Blaikie, 1993; Andersen et al., 1997).  
This research draws from multiple epistemologies. Several authors acknowledge that 
research can and should draw from multiple epistemologies where this adds value to 
the research (Crotty, 1998; Healy, 2003; Greene, 2007; Miller et al., 2008). Elements of 
this research aim to explore what really did happen in the workshops (an objectivist 
epistemology that suggests an ontological realm exists independent of the mind – 
Castillejo, 1982), and how participants experienced that reality (a constructionist 
epistemology, where meaning is constructed through our engagement in the world – 
Searle, 1995). This study is best described as critical realist, in that it does not deny 
existence of a real world, but acknowledges our understanding is dependent on social 
framing and participants’ subjective experience (Crotty, 1998). 
This thesis explores the what, why and how of group model building for supporting 
group decisions in organisations, and as such is a form of applied business research 
(Saunders et al., 2012). Business research benefits from a mixture of applied research 
and more controlled studies (Shadish et al., 2001).  
Using a critical realist epistemology, considerations of the quality of applied business 
research revolve around internal and external validity (Blaikie, 1993). Internal validity 
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concerns the degree to which the results are a reliable description and interpretation of 
what happened (Blaikie, 1993). Internal validity is supported by appropriate sample 
size determination (Guest et al., 2006) and the use of mixed methods to triangulate 
results (Blaikie, 1993). External validity concerns the degree that which was observed 
can be generalised to other situations (Shadish et al., 2001). External validity is 
supported by ensuring that the research subjects, the research context, and intervention 
process are relevant to the research problem (Shadish et al., 2001).  
Finally, this research concerns group model building, and builds upon the literature 
within the group model building normative paradigm. Three properties of a good 
research program have been proposed in group model building literature; that they are 
replicable, cumulative and refutable (Andersen et al., 1997).  
Each of these considerations for research quality in applied business research and group 
model building is considered in more detail below. 
Sample size determination 
Qualitative and quantitative research methods take different approaches to the issue of 
sample size determination (Guest et al., 2006). This research has both qualitative and 
quantitative elements: the research subjects in Chapters 2, 3 and 4 were investigated 
using mostly quantitative methods, and so sample size was considered using 
quantitative research parameters. The research subjects in Chapter 5 were investigated 
using mostly qualitative methods, and so sample size was considered using parameters 
from that discipline. 
In quantitative research, sample size is determined by the desired statistical power of 
the results (Cohen, 1988). With no hypothesis of the effect size, there was no way to 
determine in advance an appropriate sample size to give a desired statistical power. The 
research began with 52 research subjects, but only 30 completed all of the evaluations – 
the impact of non-completions is discussed further in Chapter 3. A significance level of 
p<0.05 is commonly used in behavioural research (Cohen, 1988). However, the data in 
Chapter 2 and 3 were analysed in several ways without strictly formed a priori 
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hypotheses, therefore a significance level of p<0.01 was also used in this thesis 
(Hochberg and Tamhane, 1987, see also “familywise error”, Chapter 2). In each chapter 
that uses quantitative research, there were several statistically significant results 
obtained, suggesting retrospectively that the sample size determination was adequate 
for evaluating the research questions (Cohen, 1988). 
In qualitative research using interviews, the interviews ideally conclude when “data 
saturation” has been reached; the point in data collection when no new additional data 
are found that develop aspects of a conceptual category (Guest, et al., 2006). Chapter 5 
has further discussion on how data saturation was evaluated and satisfied in this thesis.  
Mixed methods 
The quality of critical realist investigation is improved by the use of mixed methods to 
triangulate results (Blaikie, 1993). Each chapter collects a mixture of different forms of 
both data collection and data analysis. 
Each chapter combines different forms of data collection. Chapter 2 uses a 
questionnaire featuring a mixture of Likert scale (Likert, 1932) closed questions, and 
open questions (with room for written responses). Chapter 3 uses a range of 
questionnaire tools (closed and open) and individual interviews, as well as comparing 
results to those obtained in Chapter 2 (with the same research subjects). Chapter 4 
compares interview results with those from the questionnaires in Chapter 3. Chapter 5 
uses both a written questionnaire with 7-point numerical scale questions, and verbal 
semi-structured interviews. 
Similarly each chapter combines different forms of data analysis. In total, this research 
uses four main methods of data analysis: Likert scale parametric tests (Stephens, 1974), 
rated preference parametric tests (Faw and Pien, 1971), quantitative content analysis 
(Berg and Lune, 2004), and qualitative content analysis (Manning and Cullum-Swan, 
1994). 
Likert scale questions, like those used in Chapters 2, produce ordinal data; there is no 
way to determine that interviewees interpreted the numerical choices as equidistant 
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intervals (Cavana et al., 2001). However, within group model building literature, 
ordinal data is typically considered as interval data for analysis, including several 
examples using the same questionnaire as used in this thesis (Vennix et al., 1993; 
Vennix and Rouwette, 2000; Rouwette, 2011). Considering Likert scale questions as 
interval data therefore aids in comparing results from this thesis with those previously 
reported. After careful consideration, the researcher decided that using a previously-
used validated questionnaire and interpreting the results in ways consistent with the 
previous usage enhanced the research. Considering Likert scale questions as interval 
data made possible the use of common parametric tests (Kolmogorov-Smirnov test, 
standard deviation, Student’s t-test) to determine the distribution and statistical 
significance of results (Stephens, 1974). This method was used in the questionnaires in 
Chapters 2. Evaluations of the same subjects using different data collection methods 
were compared to each other using tests for co-variance (to measure how much the two 
sources change together), and Pearson’s product-moment correlation (to measure the 
degree of linear dependence; Stephens, 1974). This method was used to compare results 
from Chapters 2 and 3. 
The rated preference method had participants rate a series of responses in order of 
numerical preference (Faw and Pien, 1971). This method also produces ordinal data, 
rather than interval data. However, the ordering of preferences is unlikely to produce a 
systemic bias in the same way as the potential for non-equidistant interpretation of 
Likert scales, so this was considered less problematic (Steigal and Castellan, 1988). 
Parametric tests were used to determine statistical significance and to compare results 
to those from other methods (see above). This method was used in the rated preference 
method in Chapter 3. 
Quantitative content analysis is used to convert recorded communication into numerical 
analysis (Berg and Lune, 2004). Recorded communication was transcribed, and then 
reduced into themes using coding (Mehl, 2006). The frequency of codes is used to 
suggest the magnitude of an observation – in this case, how often a proposed 
mechanism for mental model change is described by interviewees. This method is 
considered a useful but imperfect indicator (Berg and Lune, 2004). However, the 
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results obtained were overwhelming in support for one mechanism, and the reliability 
of quantitative content analysis is believed in increase as the magnitude of the variance 
increases (Berg and Lune, 2004). This method was used in the delayed list method in 
Chapter 3, and in the interview responses in Chapter 4. 
Qualitative content analysis, conversely, is simply a method for organising recorded 
communication (Manning and Cullum-Swan, 1994). By coding concepts in the text, 
similar ideas can be grouped together, which aids analysis. In this research, content 
analysis is used to provide descriptions of commonly described concepts, or, when used 
in partnership with quantitative tests, to explore the possible explanations behind 
quantitative findings. This method was used in Chapter 2 to analyse written responses 
to the open questions, and in Chapters 3, 4 and 5 to explore interview responses. 
External validity 
Applied research often trades experimental control against external validity (Shadish et 
al., 2001). Where control groups have been used in the group model building literature, 
these have either relied on student groups completing hypothetical problems (and 
therefore may lack external validity; McCardle-Keurentjes et al., 2009), or used groups 
that may not be comparable (Huz, 1999; Dwyer and Stave, 2008). The workshop 
element of this research was conducted on real employees working on a real problem 
that was important to them. The interviews with prospective clients were conducted 
with real employees who regularly commission and conduct group decision processes. 
Different parts of this research were conducted on one New Zealand government 
department, and a number of New Zealand government departments. The workshops 
were conducted within a single organisation, taking advantage of the unique contextual 
factors that made it possible to evaluate a strategy implementation context (Chapter 2) 
and an applied setting with no reinforcing activities (Chapter 3). A range of 
organisations were used to explore which outcomes were valuable for group decision 
processes, to limit any cultural effects that pertain to only one organisation (Chapter 5). 
New Zealand culture has many similarities and some differences to other 
commonwealth nations (Midgley et al., 2007), and the New Zealand state sector has 
20	  
similarities both to commonwealth nations (Borins, 1998), and other state sectors 
around the world (Lane, 1995). The incentives in public sector management can and do 
differ from those in the private sector (Moore, 2003), though there is strong history of 
each sector learning from each other (Lindblom, 1959; Griffiths, 2003). The results are 
therefore likely to be representative of New Zealand government agencies, highly 
relevant for government agencies in general, and of unknown applicability to the 
private sector. Demographic information was collected for all participants and analysed 
to explore whether different demographic groups were associated with different results 
(this is discussed further in each chapter).  
Group model building describes a range of quantitative and qualitative workshop 
methods (Vennix et al., 1993). Previous studies have revealed differences in how 
qualitative and quantitative methods are experienced by participants (Rouwette et al., 
2002). Qualitative group model building tools were chosen in this research because 
they are the easiest to apply (Maani and Cavana, 2007), and this minimises the barrier 
to implementing any conclusions from the research. The process used is commonly 
described in system dynamics textbooks (Richardson and Pugh, 1991; Sterman, 2000; 
Maani and Cavana, 2007). It is not clear how results would have differed using 
different group model building techniques, though possible effects are considered in the 
discussion sections of Chapters 2, 3 and 4. 
The workshop techniques used in this thesis differ from those described in some 
textbooks (for example, Richardson and Pugh, 1991; Sterman, 2000; Maani and 
Cavana, 2007) because of the treatment of polarity in the causal loop diagrams. Polarity 
in causal loop diagrams has been the subject of ongoing debate (e.g. Richardson, 1986, 
1997; Lane, 2000), especially for use by novice participants (Schaffernicht, 2010). In 
the first of the four workshops described in this thesis, the facilitator initially instructed 
participants to label each causal relationship with a “+” or “-“ symbol to mark the 
polarity of the relationship, using the definition provided by Lane (2008). The 
participants quickly identified a situation where polarity would be problematic – a “rate 
to level” link (Richardson, 1981), where an increase in the inflow caused a stock to rise 
more quickly, but a decrease in the inflow caused the stock not to fall, but to rise more 
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slowly. The presence of this stock in the model represented an apparent contradiction 
with the simple polarity approach presented. An experienced modeller is typically able 
to overcome these challenges by modifying the definition of one or more variable 
(Schaffernicht 2010); however, the intention of the research in this thesis was to 
explore participant-led group model building. An impromptu decision was made to 
omit polarity from the diagram, but to discuss the nature of the relationship when 
linking variables. This approach was then followed in the remaining workshops for 
consistency. The construction of causal loop diagrams without labelling polarity has 
been described and demonstrated before by several authors (Forrester 1968, Morecroft, 
1982; Senge, 1990; Richmond, 1993; Kim and Senge, 1994; Cabrera, 2006) 
By omitting polarity from the diagram, it is more difficult to label loops as reinforcing 
or balancing. The facilitator instructed participants to instead find and trace loops in the 
diagram, and to explain the behaviour of the loop through narrative; that is, through 
describing (to the other participants) the “polarity” of each causal relationship in the 
loop (see Richmond, 1993, for an example of determining loop behaviour without 
labelled link polarity). Without polarity or loops labelled, it is also more difficult to 
identify “leverage points” – points where the smallest effort will cause the biggest 
change in the overall performance of the system (Meadows, 1999). Again this was 
achieved through narrative – as potential leverage points were identified, participants 
traced feedback loops to determine if that intervention would likely lead to a change in 
the performance of the system. The facilitator supervised and prompted these 
discussions to ensure that the polarity of each link was discussed in full when 
identifying leverage points. 
Group model building is related to other group decision methods. Group model 
building has been described as a problem structuring mechanism (Andersen et al., 
2007; Rouwette et al., 2009) and a group decision support system (Vennix et al., 1994). 
Both “problem structuring method” (Rosenhead, 2006) and “group decision support 
system” (Ackermann et al., 2010) are terms that refer to diverse collections of group 
practices that support decision-making. While the effects of group model building are 
likely to have some overlap with other group decision processes (problem structuring 
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methods or group decision support systems), it is not possible to establish which effects 
are in common and which effects are unique using this research. This thesis discusses 
differences between qualitative and quantitative group model building, but largely 
excludes other group-decision processes from the analysis. 
A single facilitator (i.e. the author) led all of the workshops explored in this thesis. This 
is an advantage in that it ensures that the workshops were facilitated in a consistent 
way, and results can be compared between workshops (this is particularly important in 
Chapter 4, where interviewees had been involved in several workshops were not always 
clear in their responses as to which workshops they were referring). However, 
facilitation-style may have impacted on the results (Andersen et al., 1997), and it is 
possible that a different facilitator may cause different outcomes. Distinguishing 
between effects of the method and of the facilitator is an ongoing challenge in 
workshop literature (Eden, 1995).  
Properties of a good group model building research programme. 
Following an increase in the number of group model building studies, prominent group 
model building practitioners called for a more systematic research programme for 
greater understanding of group model building (Andersen et al. 1997). The systematic 
research program had three criteria: that research is replicable, cumulative and 
refutable, as explored further below. 
Group model building is full of unreplicated results (Andersen et al., 1997), which 
limits our confidence in the findings of this research (Vaux et al., 2012). Two reasons 
for this have been proposed: a lack of incentive to repeat research, and a lack of 
common description or taxonomy of approaches (Andersen et al., 1997).  
Information on the research context, the workshop process, and the evaluation tools are 
included in this thesis, to increase the extent to which the study can be repeated (Vaux 
at al., 2012). These use standard formats where available (Andersen et al., 1997; 
Hovmand et al., 2012). 
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Group model building methods can be applied to different problem settings and 
contexts. A format for standardising the description of the context of group model 
building interventions has been proposed in group model building literature (Andersen 
et al., 1997), and the details of the interventions used in this research are described in 
full in Appendix 3. 
Group model building describes a range of different workshop tools (Vennix et al., 
1993). Group model building scripts (Hovmand et al., 2012) provide a standardised 
method for describing group model building interventions, and full scripts for the 
workshops used in this research are also provided in Appendix 3.  
The evaluation tools used in this thesis are included in Appendices 2, 3, 4 and 5. The 
only elements of this research that are not easily repeatable, using the information in 
this thesis, are the unique contextual factors of the host organisation (a strategy 
implementation context that was cancelled shortly after the group model building 
workshops). 
Group model building research often does not build on prior studies, so the research 
does not have a cumulative effect on our knowledge (Andersen et al., 1997). This thesis 
builds on previous group model building studies in four key ways: using existing tools 
in a new context, using new tools to test previously reported outcomes, using new tools 
to test previously reported processes, and directly comparing previously reported 
mechanisms. Each of these cumulative contributions is explored further below. 
This thesis uses an existing tool (the “CICC questionnaire”) in a new context (strategy 
implementation). Few group model building studies attempt quantitative evaluation, 
and only one tool appears to have undergone use in multiple quantitative evaluations 
(Rouwette et al., 2002). This tool, known as the “CICC questionnaire” (Vennix et al., 
1993) has been used in full in several published studies (Akkermans et al., 1993; 
Vennix et al., 1993; Vennix and Rouwette, 2000; Mooy et al., 2001; Eskinasi et al., 
2009; Rouwette, 2011). Other studies have used similar questions (McCartt and 
Rohrbaugh, 1995; Huz et al., 1997) or a subset of the questionnaire (Dwyer and Stave, 
2008). Chapter 2 uses this questionnaire to evaluate participant experience of group 
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model building workshops in a strategy implementation context. The use of existing 
tools allows the instrument to be further validated, the results to be compared to 
previous studies, and the cumulative sample size to be increased. Chapter 3 compares 
participants’ completion of this tool with their degree of mental model change, and 
reports that the CICC questionnaire has some predictive power for individual-level 
workshop outcomes. This extends the implications of both previous and future use of 
this instrument. 
This thesis uses new tools to test previously reported outcomes. Previous research 
reports mental model change (Richardson et al., 1994) and mental model alignment 
(Huz, 1999) as outcomes of group model building. Chapter 3 uses a method that 
doesn’t rely on participants’ introspection into their own cognitive processes to 
evaluate mental model change and mental model alignment through participation in 
group model building workshops. 
This thesis uses new tools to evaluate previously reported processes. One study reports 
that participants in group model building workshops change their mental models 
through a combination of persuasion by other participants, and new insights from the 
modelling process (Rouwette et al., 2011). Chapter 3 uses a different method to 
quantify these effects – the data gathered in the pre-workshop and post-workshop 
questionnaire is used to measure the proportion of responses that are retained, learned 
from other participants, or developed as new insights. The collection of delayed 
decision preferences is used to measure how changed preferences from persuasion and 
from new insights are retained over time. 
This thesis compares previously reported mechanisms for how group model building 
supports mental model change and mental model alignment (Richardson et al., 1994; 
Vennix et al., 1996; Akkermans and Vennix, 1997; Richmond, 1997; Maani and 
Maharaj, 2003; Rouwette et al., 2011; Black and Andersen, 2012). Each of the 
mechanisms evaluated was originally proposed as a new explanation without evaluating 
or refuting previously proposed mechanisms (Rouwette et al., 2011; Black and 
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Andersen, 2012). This thesis provides an empirical basis to evaluate each of these prior 
contributions to theory (Chapter 4).  
Finally, a good research program should allow existing hypotheses to be refuted 
(Andersen et al., 1997). Though not based on strictly formed a priori hypotheses (as 
the research was adaptive to changing circumstances), each conclusion in this thesis is 
refutable. Questionnaire responses are compared to neutral responses, and to 
hypothetical “normal” meetings – the null hypothesis could only be refuted if results 
were significantly different to a neutral response (Chapter 2). The new evaluation 
methods introduced in Chapter 3 could have revealed a reversion to previous decision 
preferences, the retention of changed decision preferences, or no significant difference 
in the selection of pre-workshop and post-workshop responses. The methods used in 
Chapter 4 directly compare different proposed mechanisms and so implicitly refute all 
but the most supported mechanism as most representative of participants stated 
recollection. Analysis of the questionnaire in Chapter 5 compared results to a neutral 
response and to the overall mean, allowing the testing of absolute and relative 
importance of different outcomes. 
The methods used in this thesis appear to fulfil the claimed criteria for a good group 
model building research program, in that the research conclusions are repeatable, 
cumulative and refutable (Andersen et al., 1997). 
1.5 Thesis structure 
This thesis is arranged in six chapters. Chapters 2 through 5 consist of four publications 
developed during this PhD candidature. Chapter 6 includes material from a fifth 
publication, among other material. As a thesis-by-papers, this thesis does not follow the 
common structure of one chapter on literature review, one chapter on methodology, etc. 
Instead, each chapter describes the literature relevant to that chapter, and the 
methodology used in the research described in that chapter. 
The papers included in this thesis are linked to each other (see Figure 1.1). Chapter 1 
describes the research problem, and provides an overview of the importance and 
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objectives of the study. Chapter 2 uses validated survey tools to explore whether group 
model building should be considered as a tool to support interpersonal success factors 
that predict effective strategy implementation. Chapter 3 explores whether a short 
intervention can provide lasting changes in participants’ mental models, and compares 
a new evaluation method to the established method used in Chapter 2. Chapter 4 
compares different proposed mechanisms to explain the findings of Chapter 3, using 
interviews to explore participants’ stated recollections. Chapter 5 considers all the 
outcomes explored in the previous chapters, and asks potential clients whether these 
outcomes matter to them. Chapter 6 concludes the thesis and is structured in five main 
sections, which successively: summarise key findings and relate these to the research 
questions that guided the research; draw conclusions about the research problem that 
prompted the research; discuss implications and limitations of this research, to identify 
further research opportunities; reflect on the current state of evidence to support group 
model building practice, considering the contribution of this thesis within the context of 
all recent relevant research; and present a concluding narrative for what group model 
building achieves, and why. 
27	  
Figure 1.1: A conceptual representation of the relationship between the different 
chapters of this thesis. 
Each paper/chapter has additional material, included as appendices. This includes the 
workshop methods and the evaluation tools used in each paper that allow the research 
to be repeated. Appendices 1-5 relate to Chapters 1-5 respectively. 
1.6 Conclusions 
Group model building is an application of system dynamics in which practitioners have 
noticed a range of individual and group-level outcomes (Rouwette et al., 2002). It is 
still unclear what these methods achieve and why (Rouwette et al., 2011), but existing 
research results are promising and generally supportive of group model building as a 
useful tool in supporting group decisions (Rouwette, 2011; Black and Andersen, 2012). 
Governments are increasingly requiring the use of group decision processes (Newman 
et al., 2004; Ansell and Gash, 2008; Emerson et al., 2012; Eppel, 2013), and group 
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model building may be helpful in filling this important need. This thesis is likely to be 
of interest and use to group model building academics in refining theory and methods 
over time; to practitioners in improving the targeting of group model building 
interventions and tailoring communication to match clients experiences and interests; 
and to potential clients in identifying and clarifying the usefulness of a possible tool for 
supporting group decisions. 
This thesis is structured around five papers (Chapters 2-5, part of Chapter 6). Each 
paper explores a different aspect of the group and individual level outcomes of group 
model building workshops. The literature review and methodology for each chapter are 
contained within that chapter. 
This is applied research in an organisational context, with strong external validity 
traded against the ability to provide experimental controls (Shadish et al., 2001). It uses 
a mixed methods approach to increase the reliability of results, featuring a combination 
of interviews, open written questions, Likert scale questions, (forced-choice) preference 
rating, and a longitudinal study. These combine to provide robust results for public 
sector interventions using these common qualitative group model building tools – 
further research is required to verify the results in other contexts and using other 
workshop tools.  
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Contribution of Chapter 2 
 
Chapter 2 evaluates the use of group model building to support strategy 
implementation, using a simple observational study. This helps to evaluate Research 
Question 1: “How can group model building affect intention to implement strategy?” 
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Chapter 2 Strategy implementation and group 
model building 
 
(This paper has been published as: Scott, R.J., Cavana, R.Y., Cameron, D. 2014. 
Interpersonal success factors for strategy implementation: a case study using 
group model building. Journal of the Operational Research Society, 
doi:10.1057/jors.2014.70) 
 
Abstract 
Strategy implementation has been identified as an area of system dynamics literature 
requiring greater attention. Most strategies fail to be implemented successfully, and 
processes for effectively implementing strategy are yet to be fully explained and 
explored. The reported interpersonal success factors for strategy implementation are 
reported outcomes for group model building, suggesting potential applicability. A case 
study using validated survey methods yielded promising results, and suggests that 
further study is needed. This application of group model building may be a 
manifestation of the IKEA affect, where individuals value more highly solutions that 
they have partially assembled, and competency motivation, where individuals have 
positive affect to the successful completion of a complex task. 
2.1 Introduction 
Success factors for strategy implementation include commonly reported outcomes of 
group model building – indeed, it was this simple observation that led the authors to 
conduct the research described in this paper. Interpersonal success factors for strategy 
implementation are communication quality (Hambrick and Cannella,1989), insight 
(Woolridge and Floyd, 1990), consensus (Floyd and Woolridge, 1982), and 
commitment (Kim and Mauborgne, 2005). A review of 107 papers revealed that these 
are commonly reported outcomes of group model building interventions (Rouwette et 
al., 2002), suggesting possible applicability. Yet little has been written about how 
group model building can support implementation (Sterman, 2000). Group model 
building is not a strategy implementation plan (it does not address all of the success 
41	  
factors for strategy implementation, nor enact change in and of itself), but the literature 
suggests that it may make a positive contribution.  
 
On the basis of this coincidence of success factors, a case study was conducted. This 
observational study involved New Zealand public servants completing a short group 
model building workshop to plan how predetermined strategic objectives would be 
implemented. This paper presents the initial evaluation of that case study, using an 
established survey method. A change in circumstance prevented the completion of the 
planned intervention. The paper discusses what we can conclude from the initial results, 
and presents a case for why this area is a rich opportunity for the group model building 
community that warrants further research. 
 
This paper is of interest to academics in informing their research agenda, to group 
model building practitioners in exploring a potential setting (strategy implementation) 
for their practice, and for the management community in identifying a new tool to 
support strategy implementation. 
 
2.2 Strategy development and implementation 
Most strategies fail, with authors generally claiming failure rates between 50 and 90 per 
cent (Kiechel, 1982, 1984; Gray, 1986; Judson, 1991; Nutt, 1999; Kaplan and Norton, 
2001; Sirkin et al., 2005; Raps 2005). One study demonstrated that most managers 
believe that the difficulty of implementing a strategy surpasses the difficulty of 
formulating it (Zairi, 1996). Despite this, management (and research) attention remains 
focussed almost exclusively on improving strategy development (Raps, 2005). 
Strategies can fail for many reasons (Raps, 2005), but many of these are through factors 
internal to the group or organisation, rather than external (Nutt, 2002). Authors have 
long urged co-creation and meaningful participation in strategy development (Floyd 
and Woolridge, 1982; Guth and MacMillan, 1986; Nutt, 1999, 2002). Several have 
gone further and cautioned against making a distinction between strategy development 
and implementation, preferring instead to consider strategy as a practice (Whittington, 
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1996), or as an opportunity for organisational learning (de Geus, 1997) or double-loop 
learning (Argyris, 1989). 
 
There is some evidence that application of these methods has led to improved success 
rates (Walsh et al., 2002; Sila, 2007). Nonetheless, many strategies remain products of 
episodic and top-down decisions (Lyneis, 1999), with resultant barriers to employee 
acceptance (Noble, 1999; Nutt, 2002). This paper addresses the common problem of 
how to implement predetermined strategic objectives with little prior employee 
involvement in their creation. 
 
Literature on the nature of strategy implementation and the reasons for its success and 
failure is not well organised or agreed (Yang et al., 2008). Conversely, the success 
factors that predict effective strategy implementation are the subject of more agreement 
(Skivington and Daft, 1991; Noble, 1999). Strategy implementation literature can be 
divided into two broad categories: structural views, and interpersonal process views 
(Skivington and Daft, 1991).   
 
Structural views include organisation (re-)structure (Bain, 1968; Miles and Snow, 1978; 
Porter, 1980; Drazin and Howard, 1984; Gupta, 1987) and control mechanisms 
(Jaworski and MacInnis, 1989; Jaworski, Stathakopoulos and Krishnan, 1993) 
including monitoring systems (Daft and MacIntosh, 1984), and performance 
management systems (Kaplan and Norton, 1996). Organisation structure and control 
mechanisms are direct tools available to managers in shaping their organisation 
(Skivington and Daft, 1991), and include popular templates and models (Kaplan and 
Norton, 1996, 2001; Langfield-Smith, 1997). 
 
However, as strategies are executed by people, a range of interpersonal and cognitive 
factors may also be critical (Noble, 1999), and may be further divided into a number of 
sub-categories: communication quality, insight, consensus and commitment. The theory 
of planned behaviour (Ajzen, 1991) suggests strong interrelationship and a logical 
sequencing of these success factors; communication quality fosters insight and 
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consensus, and insight and consensus contribute to commitment (Rouwette, 2003). The 
methods for supporting these interpersonal success factors are less well understood and 
agreed (Noble, 1999; Yang et al., 2008), and so this research focuses its attention there. 
 
Communication quality 
 
Many authors identify the impact of communication quality between managers and 
staff on strategy cognition, and therefore implementation (Argyris, 1989; Sandy, 1991; 
Workman, 1993; Kim and Mauborgne, 2005). Different authors have focussed on 
vertical communication between leaders and staff (Fidler and Johnson, 1984; Robertson 
and Gatignon, 1986; Johnson and Frohman, 1989) and horizontal communication 
between peer groups (Hambrick and Cannella, 1989).  
 
Insight 
 
Several authors explore the importance of novel insight by employees in creating 
effective strategy implementation (Woolridge and Floyd, 1989; Redding and 
Catalanello, 1994; Baum and Greve, 2001; Tang, 2011). 
 
A centrally-created, highly-detailed plan faces several limitations. Business units have 
detailed knowledge of their subject area that may not be known to central planners 
(Floyd and Woolridge, 1982), and face operating environments that may be subject to 
change (Hrebiniak and Snow, 1982; Hrebiniak and Joyce, 1984). While consensus and 
adherence may be useful in high-level goals, employees must interpret how to put these 
goals into practice within the context of their own detailed area (Floyd and Woolridge, 
1982; Bonoma, 1984 and 1986; Bonoma and Crittenden, 1988). 
 
Employee insight in co-creating lower-level actions has also been positively associated 
with commitment to the strategy (Bonoma and Crittenden, 1988). This leads to the 
popular diffusion approach where high-level guidance is provided centrally, and 
business units create more detailed planning in a “trickle-down” manner (Robertson 
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and Gatignon, 1986; Fidler and Johnson, 1984; Kaplan and Norton, 2004). Effective 
strategy implementation is supported by providing employees with the opportunity to 
combine their knowledge with the direction provided by the strategy, to produce new 
insights (Crittenden and Crittenden, 2008). 
 
Consensus 
 
The degree of unanimity and agreement of a group is positively associated with 
implementation success (Floyd and Woolridge, 1982; Schweiger et al., 1989; 
Woolridge and Floyd, 1990; Noble, 1999). Low agreement is associated with 
implementation failure (Guth and MacMillan, 1986; Huy, 2011). Agreement between 
different business units is often to ensure coordinated deployment of the strategy 
(Woolridge and Floyd, 1990). However, premature agreement (before sufficiently 
understanding the problem, or without consideration of alternate solutions) is 
associated with poorer decision-making (Schweiger et al., 1989).  
 
Commitment 
 
The level of dedication to strategy implementation predicts implementation 
effectiveness through both intensity of commitment (Nutt, 1983; Woolridge and Floyd, 
1989; Kim and Mauborgne, 2005), and durability of commitment (Nutt, 1983, 1986 and 
1990; Bourgeois, 1980; Bourgeois and Brodwin, 1984). The hand-over of strategy from 
senior to middle management can be problematic – middle management may be 
apathetic to strategies they have not been involved in developing (Whitney and Smith, 
1983).  
 
Open issues in strategy implementation 
 
The interpersonal success factors described above are the subject of strong agreement 
in the strategy implementation literature (Noble 1999), but the methods for achieving 
these factors are still unclear (Yang et al., 2008). This paper explores whether group 
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model building can contribute to achieving these interpersonal factors in a strategy 
implementation context. 
 
2.3 Group Model Building and Strategy 
System dynamics has been applied to many disciplines and subject areas (Andersen et 
al., 2007; Mingers and White, 2010). One area in which system dynamics has been 
particularly prevalent is in strategy development (Pidd, 2004; Gary et al., 2008; 
Rouwette, 2011). Some have argued that the reason for this applicability is the complex 
and interrelated choices that strategy presents (Broman et al., 2000; Aligica, 2005; 
Houchin and MacLean, 2005). 
 
Despite strong links to strategy development, the use of group model building to 
support strategy implementation remains an area requiring further research (Sterman, 
2000). One study attempts to use system dynamics as a communication tool to build 
support for strategy implementation (Snabe and Größler, 2006), rather than as a 
participatory modelling process. 
 
Based on the review by Andersen et al. (1997) review of the existing group model 
building literature, Rouwette et al. (2002) identified a number of outcomes associated 
with group model building interventions. These occur at four levels: 
• individual: positive reaction, insight, commitment, and change in behaviour; 
• group: mental model alignment, communication quality, and consensus; 
• organization: system changes and system results; 
• method: efficiency and further use. 
 
These eleven outcomes include the four interpersonal success factors for strategy 
implementation: communication quality, insight, consensus and commitment to a 
decision. This suggests potential applicability for group model building in supporting 
effective strategy implementation. The case study described below was developed to 
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test this applicability, focussing on the handover of strategy from senior to middle-
management for implementation. 
 
2.4 Case study 
The leadership team from a large New Zealand government agency had developed a 
long-term strategy, and then turned their attention to how it would be implemented. The 
strategy included a 20-year vision, and four strategic objectives: maximising export 
opportunities; improving sector productivity; increasing sustainable resource use; and 
protecting from biological risk. Particular implementation concerns from senior staff 
included that: the strategy may be poorly understood, or there may be differences in 
interpretations; no plan exists for the actions that the organisation should take to realise 
the intent set out in the strategy; and those responsible for implementing the strategy 
did not participate in its development, and therefore may not feel a sense of ownership. 
 
Senior management tasked a facilitator with working with a range of opinion leaders 
and “influencers” (Patterson et al., 2008) in the organisation (middle managers and 
subject experts) to solve three problems, each of which had behavioural and 
interpersonal aspects: creating a common understanding of the strategy, creating agreed 
implementation actions for the strategy, and increasing commitment to the strategy. 
The goals of the intervention were therefore different from those of most case studies in 
the group model building literature, where the client is seeking robust decisions or 
system changes (Andersen et al., 1997). In this setting, communication, insight, 
consensus and commitment were mandatory; robust policies were a secondary concern.  
 
This context touches upon many of the themes and challenges in achieving 
interpersonal success factors. Communication quality must be achieved vertically 
(hand-over) and horizontally (shared understanding); the case study involves middle 
managers and subject experts interpreting the vertical transmission of the strategy, and 
communicating horizontally with each other to develop shared understandings and 
agreed plans. Insight has been identified as important in strategy diffusion; the case 
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study involves participants who were expected to be involved in detailed 
implementation. Consensus on many implementation actions is required between 
different business units; the case study includes participants from across the business 
including policy, operations and support functions. Finally, commitment often breaks 
down at the hand-over from senior to middle management; the case study includes only 
employees who were not involved in the creation of the strategy. 
    
The facilitator gained senior management agreement to use group model building 
techniques to convert the strategic objectives into plans for action. Senior managers 
identified 52 participants based on their perceived level of peer influence, their role in 
implementation, and their subject expertise. The facilitator was an employee of the 
organisation with experience facilitating qualitative group model building workshop. 
The employee had used these tools in approximately twenty workshops (as facilitator or 
participant) prior to the case study, and also had some general facilitation experience. 
 
The strategy consisted of four separate objectives, and participants were split into four 
groups to work independently on what actions should be taken to implement each 
objective. Each group participated in a three-hour facilitated workshop using qualitative 
system dynamics techniques. The workshops contained five main elements: 
1. defining the problem or situation (15 minutes), 
2. identifying variables (30 minutes), 
3. describing behaviour over time of the main variables (30 minutes), 
4. constructing causal loop diagrams (75 minutes), and 
5. identifying leverage points (30 minutes). 
 
These elements are commonly described and relatively easy for a novice group to use 
(Richardson and Pugh, 1981; Sterman, 2000; Maani and Cavana, 2007). There were 
two important differences between the workshop elements as commonly described, and 
as used in this study. First, the causal loop diagrams were completed without 
participants labelling polarity. The first group quickly identified limitations in the use 
of polarity (in distinguishing between information and conserved flows - Richardson, 
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1986, 1997; Schaffernicht, 2010) when constructing their causal loop diagram. To 
reduce confusion, the facilitator instructed participants to discuss polarity when linking 
variables, but they were not recorded on the diagram (more consistent with the 
approach utilised by Senge, 1990). Secondly and consequently, loops could not be 
labelled as reinforcing or balancing. The facilitator instructed participants to find and 
trace loops in the diagram, and to explain the behaviour of the loop through narrative. 
In previous workshops, the facilitator had used polarity and labelled loops as balancing 
or reinforcing. The causal loop diagrams were constructed using a white-board 
(drawing causal relationships) and post-it notes (variable names). Computers were not 
used during the workshop. The facilitation style was focussed on ensuring that the 
participants followed the process rules. Participants completed all of the workshop 
elements themselves (the facilitator acted as a guide but did not contribute directly). 
Most participants had no prior exposure to group model building or system dynamics. 
Detailed information on the sessions, including the workshop outputs (behaviour over 
time, causal loop diagrams, leverage points), is included in Appendix 3. 
 
Survey Questionnaire 
 
Most studies have used anecdotal or descriptive evidence in evaluating group model 
building – only a small number attempted quantitative assessment (Rouwette et al., 
2002). This study uses a range of survey questions administered at the conclusion of the 
workshop (the “CICC” questionnaire, Vennix et al., 1993, included as Appendix 2). 
These questions have been used before in evaluating group model building 
interventions (Akkermans et al., 1993; Vennix et al., 1993; Vennix and Rouwette, 
2000; Mooy et al., 2001; Eskinasi et al., 2009; Rouwette, 2011). Other studies have 
used similar questions (McCartt and Rohrbaugh, 1989; Huz et al., 1997) or a subset of 
the questionnaire (Dwyer and Stave, 2008). When this survey was previously used in 
combination with semi-structured interviews, the interviews revealed no significant 
new information (Rouwette, 2011). 
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This method assesses the level of consensus, but not the quality of that consensus. 
Premature consensus can result in poorer decisions (Schweiger et al., 1989). One 
theoretical paper proposes a method for evaluating the degree to which discussion of 
problems precedes discussion of solutions in group model building (sequential analysis 
- Franco and Rouwette, 2011), which could be an area for future study.  
 
The questionnaire included: demographic information; Likert-scale questions on 
workshop outcomes; scaled ratings of different elements of the workshop; and open 
questions with space for written answers. The demographic questions concerned 
participants’ age, gender, education, length of employment, and level within the 
organisation (see Table 2.1).  
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Table 2.1: Demographics of participants 
  All participants (n=52) Completed 
questionnaire (n=40) 
Age 
   Mean 
   Range 
   No response 
  
46 years 
29-64 years 
2 
  
46 years 
31-64 years 
2 
Length of employment 
   Mean 
   Range 
  
11 years 
1-40 years 
  
10 years 
1-40 years 
Gender 
   Male 
   Female 
   No response 
  
32 
18 
2 
  
27 
13 
0 
Organisational level 
   Directors 
   Group manager 
   Team manager 
   Non-manager 
  
5 
16 
6 
25 
  
3 
15 
2 
19 
Highest qualification 
   Postgraduate 
   Undergraduate 
   Completed secondary 
  
37 
14 
1 
  
29 
10 
1 
 
The Likert-scale questions measured participants’ rating of how the workshops 
contributed to communication quality, insight, consensus and commitment. Twenty-
three questions evaluated these outcomes in absolute terms (e.g. “My insight into the 
problem has increased due to the modelling process.”), and a further seven questions 
evaluated outcomes in the workshop compared with “normal meetings or conferences 
in which you discuss similar problems” (e.g. “These meetings give more insight 
compared with normal meetings”). Each question used a five-point scale from “strongly 
agree” to “strongly disagree”. 
 
Questions for each of the outcomes were assessed for scale reliability using Cronbach’s 
alpha (a measure, between 0 and 1, of internal consistency between multiple questions 
evaluating the same factor, which treats any covariance among items as true-score 
variance – Allen and Yen, 2002). As some questions were phrased negatively (e.g. “We 
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could not reach a consensus.”), results were normalised so that in all cases, the value 5 
was associated with strongly agreement that the outcome was achieved. One question 
(“The model developed in the session is my own”), had a correlation of less that 0.20 
with the rest of the scale, and was removed (Allen and Yen, 2002). The remaining 
questions all had Cronbach’s alpha of 0.74 or higher, which the authors considered 
acceptable (Kline, 1999, see Table 2.2).  
 
Table 2.2: Scale reliability of CICC questionnaire 
Outcome Cronbach’s alpha 
Communication quality 0.77 
Insight 0.76 
Consensus 0.77 
Commitment 0.74 
 
Further questions evaluated the contribution of different elements in the workshop. The 
scaled ratings of individual components of the workshop used an 11-point scale from 
“was of no use whatsoever, obstructed the session” (-5) to “contributed very much” 
(+5). In each case, participants were asked to specify how much each aspect 
contributed to the overall effect of the workshop. This scale has featured in previous 
studies that use the CICC questionnaire (e.g. Rouwette, 2011), but some questions 
were altered to apply to the methods used in these case studies: 
1. The opportunity for open and extensive discussion 
2. The presence of a designated facilitator 
3. The use of behaviour-over-time graphs 
4. The identification of variables 
5. The use of causal diagrams 
6. The identification of leverage points 
7. The use of structured agenda 
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The questionnaire included the opportunity for participants to contribute handwritten 
suggestions to improve the process (Rouwette, 2011), with three spaces (boxes) for 
answers to each of three questions: 
1. What were the three best features of the session? 
2. What were the three most disappointing features or problems of the 
session? 
3. What specific suggestions would you make if meetings like these were 
to be organised or held again? 
 
Completed questionnaires were received from 40 of 52 participants (see Table 2.1). 
Those who did not complete the evaluation had left the workshop early due to other 
commitments. As the selection of participants was already non-random, the non-
completions are unlikely to add any new source of error.  
 
As with other studies using this questionnaire, there was no control group. Participants 
were asked to compare the workshops to a hypothetical “normal” meeting, and this 
provides some measure of comparison. A side-by-side comparison would be preferable 
but this is difficult to achieve in a business setting. Previous studies have used student 
groups completing hypothetical problems, which may lack external validity (McCardle-
Keurentjes et al., 2009), or have used control groups that may not be comparable to the 
treatment group (Huz, 1999; Dwyer and Stave, 2008). 
 
Questionnaire results are self-reported, and individuals are typically unreliable reporters 
of their cognitive and behavioural change (Nisbett and Wilson, 1977), and this has 
previously been noted as a limitation of this questionnaire (Rouwette, 2011). Other 
authors have begun to experiment with methods that do not rely on self-reported 
change, but these are labour intensive and have not yet been replicated (McCardle-
Keurentjes et al., 2008; Franco and Rouwette, 2011; van Nistelrooij et al., 2012; Scott 
et al., 2013).  
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2.5 Results 
 
The experimental design was not based on strictly formed a priori hypotheses. The data 
is analysed in several ways, increasing the potential for familywise error (false 
discoveries due to testing multiple hypothesis – Hochberg and Tamhane, 1987). A 
statistical correction for testing multiple hypotheses (e.g. Bonferroni correction, 
Shaffer, 1995) cannot be completed due to the absence of strictly formed hypotheses. 
The quantitative data was analysed using common statistical methods. A Kolmogorov-
Smirnov test was used to confirm that results were normally distributed, and where 
significance is discussed, this was measured using a two-tailed Student’s t-test 
(Stephens, 1974) to compare the recorded results against a neutral response (“neither 
agree nor disagree”).  
 
Survey Results from Likert Questions 
 
A mean score significantly higher than neutral was recorded for all four outcome-areas 
(p<0.01 compared to “a/d = neither agree nor disagree” for communication quality, 
insight, consensus and commitment – see Table 2.3). This was consistent with results 
from three other published results using the same tool (Vennix et al., 1993; Vennix and 
Rouwette, 2000; Rouwette, 2011). In other studies, qualitative-only workshops were 
associated with lower levels of consensus and commitment (Rouwette et al., 2002), but 
results in this study were comparable to previous studies that included quantitative 
components.  
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Table 2.3: Likert questionnaire results by outcome-area (all p<0.01 above neutral 
response) 
 n Mean 
Communication quality 40 4.04 
Insight 40 3.81 
Consensus 40 3.68 
Commitment to conclusions 40 3.66 
(1 = strongly disagree that the outcome was achieved, 3 = neither agree nor disagree 
(“neutral response”), 5 = strongly agree the outcome was achieved) 
 
Survey Results Comparing Group Model Building to a “Normal Meeting” 
 
Again, a mean score of higher than neutral was recorded for all four outcome areas 
(communication quality, insight, consensus and commitment) compared to a 
hypothetical “normal” meeting (p<0.01 compared to “a/d = neither agree nor disagree” 
for communication quality, insight, consensus and commitment – see Table 2.4). These 
case studies did not include a control group and therefore do not establish the changes 
that would be associated with a normal meeting – asking participants to compare the 
workshop to a hypothetical meeting is one way to investigate this difference. The 
results indicate that the participants felt the process was significantly more effective 
than a hypothetical “normal” meeting. This was broadly consistent with results reported 
previous studies (Vennix et al., 1993; Vennix and Rouwette, 2000), however Vennix et 
al. (1993) had reported an ambiguous result for the speed of commitment generation. 
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Table 2.4: Likert questionnaire results compared to a normal meeting (all p<0.01 above 
neutral response) 
 n Mean 
More insight 39 4.05 
Faster insight 39 3.88 
Better communication 39 4.07 
Faster consensus 39 3.85 
More clear consensus 39 3.80 
Faster commitment 39 3.43 
More commitment 39 3.57 
(1 = strongly disagree compared to a normal meeting, 3 = neither agree nor disagree 
(“neutral response”), 5 = strongly agree compared to a normal meeting) 
 
Survey Results Relating to Different Workshop Elements 
 
Questions that asked participants about different elements in the workshop showed 
strong support for six of seven elements (p<0.01, compared with “0 = did not obstruct, 
but was of no use either” – see Table 2.5). For the seventh question (the use of 
behaviour-over-time graphs), there was a less significant result (p<0.05), meaning that 
participants felt that the use of behaviour-over-time graphs contributed only marginally 
to the sessions. Other workshop methods propose more integration of behaviour-over-
time and causal loop diagrams in order to clarify causal loop diagram behaviour 
(Schaffernicht, 2010), and (if used) this may have increased appreciation for behaviour-
over-time graphs. The results of this section are not directly comparable with other 
studies as different workshop elements were used, however Vennix et al. (1993) also 
report positive ratings for elements in common between both studies: opportunity for 
open discussion (mean = 3.42), use of causal loop diagrams (mean = 3.46) and the 
presence of a facilitator (mean = 3.80). 
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Table 2.5: Questionnaire results for different workshop elements  
 n Mean 
Opportunity for open discussion 37 +3.26** 
Presence of a facilitator 37 +3.10** 
Use of behaviour-over-time graphs  30 +1.59* 
Identification of variables 40 +3.43** 
Use of causal loop diagrams 39 +3.43** 
Identification of leverage points 38 +3.45** 
Use of structured agenda 35 +3.03** 
(-5 = no use, +5 = contributed very much) *p<0.05, **p<0.01   
 
Relationship Between Demographic Data and Survey Results 
 
Demographic data was compared with the results from the Likert scale questionnaire 
(results for communication quality, insight, consensus and commitment), and results for 
each of the workshop elements, using a linear regression analysis (Stevens, 1974). Non-
managers were more likely to rate the presence of a facilitator and the use of a 
structured agenda as contributing to the outcomes of the workshop, but these were seen 
as positive elements by both managers and non-managers. This result had not been 
anticipated, but may be explained as a way for less powerful participants to ensure their 
views are considered. Many authors have explored the ability of an independent 
facilitator to reduce the effect of power-imbalances between participants (Schwartz, 
1994; Heron, 1999; Tropman, 2003; Rees, 2005). One pilot study found group model 
building is associated with “power-levelling” (reducing the impact of power-
imbalances on communication - van Nistelrooij et al., 2012). Comparing group model 
building with other facilitation techniques (and the effect of power-imbalances in each 
setting) may be an area for further exploration.  
 
Other relationships shown in Table 2.6 are not easily explained from the literature, and 
have not previously been reported using the CICC questionnaire. Previous studies had 
observed a relationship between participants’ rating of the presence of a facilitator and 
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the commitment generated in the workshop (Vennix et al. 1993; Vennix and Rouwette, 
2000), which could not be established in the case studies in this paper. These previous 
studies report other relationships that could not be replicated either by each other or the 
case studies in this paper. The large number of potential comparisons between the 
different data sources increases the possibility for familywise error (see at the 
beginning of the Results section, above), and therefore the relationships identified in 
Table 2.6 should be considered only as potential starting points for further study. 
 
Table 2.6: Relationships between Likert-scale results, demographics and ratings of 
different workshop elements. 
 This paper Vennix and Rouwette, 
(2000) 
Vennix et al. (1993) 
Positive 
relationships 
between data 
sources 
• Non-manager, and 
presence of a 
facilitator 
• Non-manager, and 
use of a structured 
agenda 
• Older age, and use 
of causal loop 
diagrams 
• Older age, and the 
identification of 
leverage points 
• Post-graduate 
qualifications, and 
increased consensus 
• Post-graduate 
qualifications, and 
increased 
commitment 
• Open discussion, 
and communication in 
student groups 
• Causal diagrams, 
and communication in 
manager groups. 
• Causal diagrams, 
and insight in student 
groups 
• Causal diagrams, 
and consensus (all 
groups) 
• Open discussion, 
and commitment in 
student groups 
• Presence of a 
facilitator, and 
commitment in 
manager groups 
• Open discussion. 
and insight. 
• Visible projection 
of diagrams, and 
shared vision 
• Presence of a 
facilitator, and 
commitment 
 
Open Questions 
 
Participants were asked to describe the three best features, the three most disappointing 
features, and to make three suggestions for how to make the workshops better.  
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The most popular features were the participants’ ownership of the causal loop diagrams 
(identified by 18 out of 33 respondents), the communication between participants (15 
of 33), diverse participation (12 of 33) and the presence of a facilitator (10 of 33). 
 
Participants described the duration of the workshop (3 hours) as too short (6 out of 24 
respondents), too long (3 of 24) and about right (1 of 24). Those that described the 
workshop as too short mentioned a “rushed conclusion” or “not being able to take it 
(the process) as far as we could”. Those that described the workshop as too long 
mentioned that is was “exhausting” and “tiring”. The only repeated suggestion for 
improvement was that pre-reading should have been provided to participants so they 
knew what to expect from the workshop process (7 out of 22 respondents). Other 
suggestions included “more guidance on identifying variables”, “reduced scope”, 
“ensure…all the right people (are present)”, and suggestions regarding the workshop 
venue. 
 
Post-workshop Events 
 
Following the workshop, a major merger and restructure was announced in the case 
study organisation. This meant that the strategy was not implemented in the manner 
intended. This also prevented the assessment of implementation success factors over 
time. Both the intensity and the duration of commitment are important in strategy 
implementation (Nutt, 1983). This paper considers only the intensity of that 
commitment. Doyle and Ford (1998) proposed that a key challenge for the group model 
building community was to establish the stability of any changes brought about by brief 
intervention.  
 
  
59	  
2.6 Discussion 
The literature describing strategy implementation is fragmented and poorly supported 
by quantitative evidence (Yang, et al., 2008), although there is more agreement on 
success factors that predict effective strategy implementation (Noble, 1999). 
 
Strategy implementation literature and group model building literature exhibit 
remarkable coincidences. Interpersonal success factors for strategy implementation 
overlap with reported outcomes of group model building. This provides a theoretical 
basis for applying group model building to support strategy implementation. 
 
The four success factors are reported to be related to each other: communication quality 
fosters insight and consensus, and insight and consensus contribute to commitment 
(Rouwette, 2003), but it remains unclear why and how group model building supports 
these outcomes (Rouwette et al., 2011).  
 
To understand why group model building may be particularly suited to increasing 
support for existing strategy decisions, it is necessary to delve deeper into a range of 
reported cognitive biases in the psychology literature. Group model building creates 
conditions for several cognitive biases that would appear to support agreement and 
commitment in the hand-over of strategy from senior to middle management for 
implementation. A similar approach has been used to explain the success of multiple 
scenario development – that certain aspects of the process reinforce certain cognitive 
biases to counteract others (Schoemaker, 1993). The biases that support agreement and 
commitment in the hand-over of strategy for implementation fall into four main 
categories: endowment/empowerment; assembly-completion; competence/effectance; 
and tactile interaction. 
 
Some biases apply to the context for the case study, regardless of the process used. 
Entrusting middle management with planning the implementation through group model 
building may create an endowment effect, where individuals prefer things of which 
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they have been given ownership (Kahneman et al., 1990). Transferring ownership 
increases the power of participants, and this has been shown to increase feelings of 
engagement (empowerment leadership – Conger and Kanungo, 1988).  
 
Conversely, several elements particular to the group model building process are likely 
to support agreement and commitment in this context. The case study represents an 
example of not only endowment, but of partial assembly. The ‘IKEA effect’ is a 
cognitive bias where individuals place a disproportionally high value on things that 
they partially created (Norton et al., 2012; Mochon et al., 2012). Using group model 
building to plan strategy implementation provides an opportunity for completion of a 
partially assembled product, which is thought to increase both agreement (measured as 
thoughts of positive attributes, Carmon et al., 2003) and commitment (measured as 
positive affect and emotional attachment, McGraw et al., 2003). 
 
Group model building may provide conditions for effectance motivation. Group model 
building can be taxing on participants – in the case study, it was described as 
“exhausting” and “tiring”. Individuals are likely to have more positive feelings for 
objects created through great effort (Aronson and Mills, 1959). Novice participants in 
group model building workshops are required to learn several new skills through their 
participation, which may result in a novelty effect, where performance initially 
improves as a result increased interest in the novelty of new techniques (Clark and 
Sugrue, 1988). Causal loop diagrams can appear foreign and complex, yet they can be 
created by novice participants. The identification of leverage points for interventions 
provides a sense of achievement – participants quickly came to an agreement that 
emerged mysteriously from the complexity. Individuals place a higher value on 
experiences where they are able to demonstrate competence (Franke and Piller, 2004), 
and are more supportive of conclusions that they associate with successful completion 
of a complex task (Bandura, 1977). The greater the (apparent) complexity, the greater 
the positive association (Thompson and Norton, 2011). The combination of 
empowerment and competence creates the conditions for effectance motivation (White, 
1959), the desire of individuals to feel effective in the world. 
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Paper-based group model building provides the opportunity for interaction with a 
tangible representation (Black and Andersen, 2012), and may support a touch-bias. The 
process used in the case study involved participants interacting with post-it notes 
(identification of variables), behaviour over time graphs, and causal loop diagrams. 
Their interaction was extensive, tactile, and involved manipulating objects as well as 
moving around the room. Individuals experience a greater sense of ownership and 
positive affect through physical touch and physical manipulation of an object (Peck and 
Shu, 2009). The workshop process engaged visual, auditory and kinaesthetic learning 
styles (Barbe et al., 1979) through the use of visible graphical products, group 
discussion, and the handling and manipulation of sticky-labels by participants. Group 
processes that engage multiple senses are associated with improved learning outcomes 
(Dunn et al., 2002; Lujan and DiCarlo, 2006). This may be worth considering when 
choosing between manual and electronic methods. 
 
Group model building may be well suited to building agreement and commitment to 
past strategy decisions by reinforcing certain biases to counteract others. Group model 
building provides opportunities for endowment, empowerment, assembly completion, 
effort, competence, effectance, and tactile interaction. 
 
Group model building literature proposes several explanations for how group model 
building effects change (Rouwette and Vennix, 2006; Scott et al., 2014). These varied 
mechanisms aim to describe different aspects of the participatory process. Early 
proposals focussed on what the individual has learned (Richmond, 1993; Richardson et 
al., 1994; Maani and Maharaj, 2003; Thompson, 2009). More recent research has 
focussed on the interactions between participants (Vennix et al., 1996; Franco, 2006; 
McCardle-Keurentjes et al., 2008; Rouwette et al., 2011; Black and Andersen, 2012; 
van Nistelrooij et al., 2012; Black, 2013). Cognitive biases describe a kind of 
intermediate theory that supports those two approaches: why participants might be 
predisposed to engage positively with the process and with each other. 
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Limitations of the case study 
 
This case study involved New Zealand public servants from a single organisation; it is 
not clear how results from this study would translate to other organisations or to the 
private sector. The results are self-reported by participants, which may not be an 
accurate representation of what actually occurred (Rouwette, 2011). Participants 
compare results to a hypothetical normal meeting, but a direct comparison would be 
preferable (Shadish et al., 2001).  
 
The implementation success factors are reported to be predictive (Noble 1999). The 
case study measures these implementation success factors immediately after a short 
workshop. This provides some empirical basis for applying group model building to 
support strategy implementation. However, this evidence is less compelling in the 
absence of follow-up evaluation; otherwise the workshop outcomes may only be 
fleeting. Disruption to the original experimental design prevented the collection of this 
follow-up evidence. 
 
What remains is a theoretical basis for suspecting applicability, and the promising 
beginnings of an empirical basis for the claim that group model building can help in a 
major unresolved management problem. The coincidence of reported strategy 
implementation success factors and group model building outcomes (the CICC 
framework) provides a ready-made evaluation approach for a longitudinal study in 
applying group model building to support strategy implementation. Group model 
building workshops to plan how to implement predetermined strategic objectives 
(assembly completion) may be a new niche area for applying system dynamics 
principles and techniques. Further research in this area could be transformative to group 
model building practice.  
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Links between Chapter 2 and other parts of this 
thesis, and contribution of Chapter 3 
 
 
The results of Chapter 2 are used again in three places in this thesis:  
 
1. First, Chapter 2 and Chapter 3 evaluate the same workshops, using different 
methods. In Chapter 3, there is also an analysis of correlation and co-variance 
between the two evaluation methods.  
 
2. Chapter 5 asks which group model building outcomes are valued by potential 
clients. The findings from Chapter 2 form several of the outcomes explored, 
including: communication quality, insight, consensus, commitment to 
conclusions, power levelling, and efficiency. 
 
3. Finally, the conclusions of Chapter 2 are revisited in Chapter 6, in the context 
of how they inform our overall understanding of what group model building 
achieves, and how this contributes to our understanding of Research Question 
1: “How can group model building affect intention to implement strategy?” 
Chapter 6 also identifies new research opportunities revealed by the research in 
this chapter. 
 
Chapter 3 evaluates the workshops in Chapter 2, using a novel evaluation tool that 
measures participant decision preferences immediately before, immediately after, and 
12 months following these workshops. This helps to evaluate Research Question 2: 
“How enduring are group model building outcomes?” and Research Question 3“Can 
group model building support mental model change and mental model alignment 
among participants?” 
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Chapter 3 Are changes in mental models from 
group model building enduring? 
 
(This paper has been published as: Scott, R.J., Cavana, R.Y., Cameron, D. 2013. 
Evaluating immediate and long-term impacts of qualitative group model building 
workshops on participants’ mental models. System Dynamics Review 29(4): 216-
236.) 
 
Abstract 
Group model building literature reports that participation causes mental model 
refinement and alignment, but no previous study appears to have examined whether 
these changes are enduring. This paper reports on a case study involving four groups 
using group model building tools that were evaluated immediately before, immediately 
after, and twelve months following a three-hour workshop. Each workshop used 
qualitative group model building to plan strategy implementation initiatives in a 
government department. A change of circumstances (merger and restructure) meant 
that the workshop conclusions were not implemented, providing a research opportunity 
to measure the enduring effects of group model building workshops. Statistical 
comparison of written responses suggests that participants’ views on the workshop 
topic changed and became more alike through the workshop process, and that these 
changes were enduring even in the relative absence of reinforcing activities.  
 
3.1 Introduction 
Proposed interventions developed through system dynamics are not automatically 
adopted by an organisation (Rouwette and Vennix, 2006). This may be due to a lack of 
understanding of prevailing politics (Greenberger et al., 1976), or a lack of ownership 
by the client (Stenberg, 1980). As a result, some practitioners experimented with 
involving client groups in the modelling process (Richardson et al., 1994). These 
approaches are now commonly referred to as “group model building” (Richardson and 
Andersen, 1995; Vennix, 1996) or “participatory modelling” (Rouwette and Vennix, 
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2006). Group model building literature remains unclear on what these methods achieve, 
and why (Rouwette et al., 2011; Black and Andersen, 2012).  
 
The language of mental models has been used by the system dynamics community 
since its inception (Forrester, 1961). A mental model is a relatively enduring and 
accessible, but limited, internal conceptual representation of an external system (Doyle 
and Ford, 1998). Group model building literature proposes that participation in 
modelling sessions produces mental model alignment and refinement among 
participants (Rouwette et al., 2002). These effects have only been demonstrated 
immediately after the workshop, and therefore cannot say whether these effects are 
enduring. Doyle and Ford (1998) propose that a key challenge for the group model 
building community is to establish the stability of any changes in mental models 
brought about by brief intervention; a challenge that is addressed in this paper.  
 
This study follows a case study of four groups, and aims to separate (as much as 
possible) group model building effects from implementation effects. It triangulates 
results using a number of new evaluation methods. These methods investigate whether 
participants were able to retain group model building outcomes in the long term. 
Evidence of lasting mental model change and alignment is a further step in 
understanding the impacts of group model building methods, and may aid in both the 
planning of future interventions and the refinement of these methods. This paper is 
likely to be of interest to group model building practitioners and researchers. 
 
This paper consists of five sections after this introduction. First, there is a review of 
literature relevant to understanding group model building evaluation and mental 
models. Second, there is a description of the case study. Third, the evaluation methods 
are discussed. Fourth, the results are presented, and finally there is a discussion of the 
limitations and impacts of these findings on group model building practice. 
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3.2 Group model building evaluation and mental 
models 
A variety of outcomes have been associated with group model building. Based on 
Andersen et al.’s (1997) review of the existing group model building literature, 
Rouwette et al. (2002) identified eleven outcomes that were generally described as 
beneficial. These occur at four levels: 
• individual: positive reaction, learning or mental model refinement, commitment 
and change in behaviour; 
• group: mental model alignment, consensus and commitment to a decision; 
• organisation: system changes and system results; and, 
• method: efficiency and further use. 
There is also a logical sequencing of these outcomes. Immediately after the workshop, 
only individual and group outcomes can be assessed, but these may later lead to 
organisation and method outcomes (Rouwette et al., 2011). The following sub-sections 
describe how these different outcomes have been evaluated or measured in the 
literature, and explore more deeply the two outcomes that relate to mental model 
change (mental model refinement, and mental model alignment). 
 
Group Model Building Evaluation 
 
Evaluation of these outcomes has been uneven. Most studies used anecdotal or 
descriptive evidence – only a small number have attempted quantitative assessment 
(Rouwette et al., 2002; Thompson, 2009). Evaluation of individual, group and method 
outcomes has typically fallen into three categories: participant satisfaction and 
acceptance; changes in participants’ and group thinking; and improvements in 
participants’ capability. Organisational outcomes have only been reported anecdotally. 
 
Participant satisfaction has been measured using post-intervention surveys and 
interviews. Though some questions differ, many of the survey tools used by different 
authors have similar components (McCartt and Rohrbaugh, 1995; Vennix et al., 1993; 
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Huz et al., 1997), and measure participant perceptions of changes in communication 
quality, insight, consensus and commitment to conclusions. Other authors have 
completed structured, semi-structured or unstructured interviews to evaluate participant 
experience (Thompson, 2009). Both of these methods rely on self-reported change, and 
individuals are typically unreliable reporters of their own cognitive processes (Doyle, 
1997).  
 
Other authors have looked for more objective methods for evaluating changes in 
participant thinking. One study investigates the extent to which unique information 
(information only known to one person) is communicated within the group, and the 
extent to which participants use information received (McCardle-Keurentjes et al., 
2009). This work has the advantage that it can be measured by an observer, rather than 
judged by the participants. Franco and Rouwette (2011) propose the use of sequential 
analysis (and interaction analysis) to consider the extent to which thinking changes over 
time (during the model building process), and to which problem discussion precedes 
solution development (or vice versa). This methodology is currently undergoing 
refinement. Both of these approaches are labour intensive, and this is likely to limit 
their use (and therefore the comparability of any findings).  
 
The pre-test post-test design has been used by a range of authors (Huz, 1999; van den 
Belt 2000, 2004; Rouwette et al.,2011). In studies using a pre-test/post-test comparison, 
participants are asked for their views on a topic before and after the intervention. This 
method was used to quantify that change (in attitude, intention, etc.) had occurred. One 
proposed mechanism for understanding mental model change in group model building 
(“modelling as persuasion”) assumes participants are persuaded by other participants 
and by novel insights arising from the modelling process (Rouwette et al., 2011). The 
case study in this paper uses open written questions in a pre-test/post-test/delayed 
design, which can be used to quantify any peer transfer and novel insights as proposed 
in the modelling as persuasion hypothesis.  
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There are other proposed tools for evaluating mental model change, both in group 
model building literature (Vennix, 1990; Fokkinga et al., 2009) and related fields 
(Johnson et al., 2007). However, by prompting participants to think deeply about causal 
relationships, these methods introduce a confounding effect (Christensen, 2007) that 
may be significant in short interventions like those discussed in this paper.  
 
Still other authors evaluate improvements in participant capability (Doyle, 1997; 
Cavaleri and Sterman, 1997; Maani and Maharaj, 2003). These generally measure 
positive analogical transfer by asking clients to solve different problems than the 
workshop topic, in contrast to the case study in this paper that measures whether 
participants changed their minds about the workshop topic itself. 
 
Long-term studies of system dynamics interventions have focussed on implementation 
of the conclusions from the intervention (Zagonel and Rohrbaugh, 2007) or change in 
participant competencies (Cavaleri and Sterman, 1997; Thompson 2009), but not on 
participant mental models. There have been some evaluations of long-term impacts in 
other group-decision methods (Decker et al., 1988; Steinert et al., 1993; Rust, 1998), 
involving delays of between 6 and 30 months. These generally report that positive 
outcomes occurred after an intervention, but do not attempt to demonstrate that the 
outcomes can be causally attributed to the intervention (see Shadish et al., 2001, for an 
explanation on the limitations in attributing changes in studies of this kind).  
 
Mental models 
 
Mental models are explanatory schema that individuals use to explain the world and 
their interaction with it (Johnson-Laird, 1995). System dynamics models are believed to 
be external equivalents of means-ends mental models (Kim, 2009), which may explain 
the long history of mental model language in system dynamics literature (Thompson, 
2009). Group model building has been associated with mental model alignment and 
refinement (Rouwette et al., 2002). 
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Individuals whose mental models are aligned are more likely to agree (Cannon-Bowers 
et al., 1993). This may be important where group agreement and cohesion are desired 
outcomes of the intervention. 
 
Mental model refinement is a kind of participant learning (Thompson, 2009); it 
suggests that participants in group model building processes are altered by their 
participation.  
 
Mental model refinement and alignment have previously been measured immediately 
after the interventions (Rouwette et al., 2002). Mental models are distinguished from 
other explanatory ideas in that they are relatively enduring (Doyle and Ford, 1998); it is 
only by measuring enduring changes in participants thinking that we can demonstrate 
that mental model change has occurred. 
 
Mental models cannot be elicited without distortion (Gentner and Stevens, 1983). This 
creates challenges in evaluating mental model refinement and alignment, and suggests 
that mental model change can only be measured by inference. The case study in this 
paper measures decision preferences, and evaluates whether changes in decision 
preferences are enduring, providing indirect evidence of mental model change. 
 
Unresolved questions on the effects of group model building on mental models 
 
A key challenge for group model building literature is to establish the stability of any 
changes in mental models brought about by brief intervention (Doyle and Ford, 1998). 
Existing long-term studies fail to distinguish workshop effects from implementation 
effects (Zagonel and Rohrbaugh, 2007). This study takes advantage of unique 
contextual factors (see “case study”), which reduced or eliminated implementation 
effects, and extends upon the pre-test/post-test design (Rouwette et al., 2011) to 
measure long-term retention of mental model change and mental model alignment. 
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3.3 Case Study 
The leadership team of a large government department in New Zealand in the natural 
resources sector developed a long-term strategy with four objectives: improving sector 
productivity; maximising export opportunities; increasing sustainable resource use; and 
protecting from biological risk. 
 
As they began planning for how this would be implemented, several concerns were 
noted from senior managers: the strategy may be poorly understood, or there may be 
differences in interpretations; no agreed plan exists for the actions that the organisation 
should take to realise the intent set out in the strategy; and those responsible for 
implementing the strategy did not participate in its development, and therefore may not 
feel a sense of ownership. 
 
One employee (the first co-author of this paper) was tasked with addressing these 
concerns through facilitating a workshop process. Senior managers selected 52 middle 
managers and subject matter experts, on the basis of their perceived level of influence 
on other employees, to be part of a workshop process. Participants were separated into 
four groups, to each plan the actions needed to achieve one of the four strategic 
objectives. The allocation of individuals to separate groups was based upon the fit 
between their substantive roles and the subject area of the objective. Each group 
participated in a three-hour workshop using qualitative system dynamics techniques. 
 
The workshops contained five main elements: 
1. defining the problem or situation (15 minutes), 
2. identifying variables (30 minutes), 
3. describing behaviour over time of the main variables (30 minutes), 
4. constructing causal loop diagrams (75 minutes), and 
5. identifying leverage points (30 minutes). 
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These elements are commonly described and relatively easy for a novice group to use 
(Richardson and Pugh, 1981; Sterman, 2000; Maani and Cavana, 2007). More 
information on these sessions is available as Appendix 3, which includes: components 
of the modelling intervention (Andersen et al., 1997); scripts used in the modelling 
process (Hovmand et al., 2012); and workshop outputs including the variables 
described in behaviour over time graphs, figures of the causal loop diagrams, and a list 
of the leverage points identified. 
 
The facilitator was an employee of the organisation who had previously completed a 
two-day “introduction to systems thinking” course, during which he had learned basic 
qualitative system dynamics techniques. The employee had used these tools in 
approximately twenty workshops (as facilitator or participant) prior to the case study, 
and also had some general facilitation experience. Most participants had no prior 
exposure to group model building or system dynamics.  
 
Participants requested a post-workshop meeting to reflect on the conclusions of the 
workshop. This was scheduled 5 – 7 days after the workshop, and ran for 2 hours. The 
meeting did not have clearly stated objectives, and did not use group model building 
tools. The outputs of their group model building workshop (behaviour over time graphs 
and a causal loop diagram) were displayed on the walls, but these were not altered by 
participants. This session was not part of the original experimental design and was not 
evaluated directly. However, it cannot be excluded that this meeting may have had a 
reinforcing effect on participant learning from the initial workshop, and that this may 
have affected the long-term results. 
 
Less than a month after the workshops, the case study organisation underwent a major 
merger and restructure. This resulted in the organisation not proceeding with strategy 
implementation in the way that had been intended (see Figure 3.1). The results of the 
workshop were not implemented and were not formally discussed again by participants. 
This increases the likelihood that enduring changes in participant views on the 
workshop topics were due to the workshop itself (and not to implementation activities). 
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3.4 Methodology 
The case study in this paper aims to explore the immediate and long-term impacts of 
brief group model building workshops on participant mental model change and mental 
model alignment. 
 
Experimental Design 
 
The case study uses a quasi-experimental design (Shadish et al., 2001), evaluated using 
a combination of written responses, semi-structured interviews and session notes (see 
Figure 3.1). Written questions were administered immediately before, immediately 
after, and twelve months following the workshops. In addition, the facilitator took 
session notes during the workshops, and interviews were conducted with participants 
twelve months after the workshops. 
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Figure 3.1: Timeline of events and use of evaluation tools (not to scale) 
 
Applied research often trades experimental control against external validity (Shadish et 
al., 2001). The case study was completed in a real business environment, and therefore 
the opportunities for controls against alternate explanations were limited. This typically 
creates challenges in attributing any changes observed to the intervention. In this case, 
the workshops were conducted on the assumption that the conclusions would be 
implemented – this ensures external validity with other settings that aim to implement 
solutions. Then, disruption in the organisation (merger and restructure) meant that the 
conclusions were not implemented – this reduces the impact of other activities on the 
changes observed and increases the likelihood that these changes were the result of the 
workshops. The experimental design was therefore opportunistic, responding to the 
unanticipated organisational changes. The time frame of one year was selected as 
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representative of other studies that evaluate long-term impacts of workshops, which 
varied from 6 to 30 months (from other methods - Decker et al., 1988; Steinert et al., 
1993; Rust, 1998). 
 
Subjects 
 
Fifty-two participants were selected on the basis on their perceived level of influence, 
which creates a selection bias. Post-workshop responses were received from 40 of 52 
participants. Those that did not complete the post-workshop responses had left the 
workshops early due to other commitments. The delayed evaluation and individual 
interviews were conducted with 30 of the 40 post-workshop respondents – nine had left 
the organisation and one was not available for interview due to parental leave. Those 
that left the study were slightly more likely to be in management roles but were 
otherwise demographically similar to those that remained (see Table 3.1). As the 
selection of participants was already non-random, and the non-completions were due to 
factors unrelated to their experience of the workshops, this is unlikely to add any new 
source of bias. Only the 30 individuals who completed all assessments are included in 
the results, to support like-comparison. 
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Table 3.1: Demographics of participants 
  All participants (n=52) Participants who 
completed all 
assessments (n=30) 
Age 
Mean 
Range 
No response 
  
46 years 
29-64 years 
2 
  
46 years 
31-64 years 
0 
Length of employment 
Mean 
Range 
  
11 years 
1-40 years 
  
10 years 
1-40 years 
Gender 
Male 
Female 
No response 
  
32 
18 
2 
  
19 
11 
0 
Organisational level 
Directors 
Group manager 
Team manager 
Non-manager 
  
5 
16 
6 
25 
  
3 
9 
2 
16 
Highest qualification 
Postgraduate 
Undergraduate 
Completed secondary 
  
37 
14 
1 
  
23 
6 
1 
 
Instruments 
 
Three types of information were collected: facilitator notes, written questions, and 
individual semi-structured interviews. The facilitator’s notes describe the events in the 
workshop, and can be used to identify other events that may have influenced the results 
(Huz et al., 1997).  
 
The written questions are used to provide quantitative evidence to reveal the impact of 
group model building on participant mental models. If group model building has an 
effect on participants, there should be observable differences between pre-intervention 
and post-intervention thinking (Huz, 1999; Rouwette et al., 2011). Participants 
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completed five written questions – three open questions and two closed questions 
(Table 3.2). An example of each written question is included in Appendix 3. 
 
Table 3.2: Written questions administered to participants 
Method When administered Question text 
1. Pre-
workshop 
Immediately before 
the workshop 
What are the most important actions for (x) to 
achieve (y)? 
2. Post-
workshop 
Immediately after 
the workshop 
What are the most important actions for (x) to 
achieve (y)? 
3. Delayed list One year after the 
workshop 
What are the most important actions for (x) to 
achieve (y)? 
4. Rated 
preference 
One year after the 
workshop 
 
Consider the following statements. Which of 
these do you think are the most important 
for (x) to achieve (y)? Please rank them 
from 1 to (n). 
5. Control 
ratings 
One year after the 
workshop 
 
Consider the following statements. Which of 
these do you think are the most important 
for (x) to achieve (z)? Please rank them 
from 1 to 6. 
x=the host organisation  
y=the strategic objective from their workshop 
z=a strategic objective from a workshop in which they did not take part 
n=the total number of unique answers in that participant’s pre-workshop and post-
workshop responses 
 
Immediately before the workshop, participants were asked to list the actions they 
thought were most important for the organisation to take to achieve the strategic 
objective in their workshops. These are subsequently referred to as the “pre-workshop” 
responses. 
 
This same question was repeated immediately after the workshops. These are described 
as the “post-workshop” responses. A similar pre-test/post-test comparison features in 
other studies (Huz, 1999; Rouwette et al., 2011). 
 
Questions three to five in Table 3.2 were administered one year (between 51 and 53 
weeks for each participant) after the original workshops. Question three repeats the 
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earlier questions, and responses to this question are subsequently referred to as the 
“delayed list” responses. 
 
Question four asked participants to rate their previous answers. Here, the participants’ 
pre-workshop and post-workshop answers were supplied, in random order. Actions that 
were identified both before and after the workshop were removed from the list, as their 
inclusion would not aid in comparing the retention of pre-workshop and post-workshop 
views. Participants were not told that they were the authors of these questions, nor 
which came from the pre-workshop or post-workshop responses. Answers were ranked, 
rather than selected (e.g. “select the 3 most important”), as participants sometimes 
listed a different number of actions before and after the workshop and relative ranking 
allowed easier quantitative comparison. This is subsequently referred to as the “rated 
preference method”. Rated preference is frequently used in psychological literature to 
measure a participant’s attitude toward a set of objects (Faw and Pien, 1971). 
 
Question five followed the same format, however the strategic objective was not the 
one that had been the subject of their workshop, and the statements were randomly 
chosen from the workshop that had considered that objective. This acts as a control tool 
(see results and discussion), and is subsequently referred to as the “control ratings” 
method (Shadish et al., 2001). 
 
Participants also completed a post-workshop questionnaire (Vennix et al., 1993), which 
featured Likert questions concerning the participants’ perceptions of communication 
quality, insight, consensus and commitment to conclusions. The results of this 
evaluation are discussed elsewhere (Scott et al., 2014). 
 
Immediately following the administration of these delayed questions, and one year after 
the original workshops, participants were individually interviewed using a semi-
structured format (Kvale and Brinkman, 2008). Participants who were likely to 
encounter one another in their daily activities were interviewed in quick succession to 
reduce the likelihood that they would gain prior knowledge of the interview questions.  
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The interviews covered five themes; the first two concerned the workshops themselves. 
This provides a point of comparison, as participants’ recollections of the workshop 
impact can be compared to the change in their decision preferences (written questions 
above): 
1. Participants’ recollections of the workshops 
2. Participants’ beliefs about whether (and how) the workshops changed their 
views 
The remaining three themes concerned the organisational strategy. Each group had 
participated in a workshop concerning one of the four strategic objectives in the 
organisational strategy. Exploring how participants experienced the other three strategic 
objectives (that weren’t discussed during their workshops) provides some insight into 
the counterfactual – how participants may have changed their views without the group 
model building workshops: 
3. Extent of participants’ knowledge of the strategy 
4. Extent and nature of impact of the strategy on participants’ work 
5. Changes over time to participants’ beliefs about the strategy. 
These interview themes were created by the authors based upon the case study context. 
The interviews were recorded, and then transcribed verbatim. 
 
Analysis 
 
The evaluation instruments produced a range of qualitative and quantitative data.  
Qualitative data from the interviews, as well as the pre-workshop, post-workshop, and 
delayed list methods were coded using content analysis (Holsti, 1969; Cavana et al., 
2001), consisting of five steps: read through the responses; code themes as they emerge 
(open coding – Strauss and Corbin, 1990); check material coded to each theme for 
consistency and clarity (axial coding – Neuman, 1997); identify rules for 
inclusion/exclusion from the themes; and recode responses based on rules for 
inclusion/exclusion (selective coding – Neuman, 1997) 
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All coding was completed by a single coder as coding required knowledge of the 
specialised language used in the organisation. The coder was blind to which results 
were from the pre-workshop, post-workshop and delayed list evaluations, reducing the 
opportunity for bias to influence the results. The same codes were applied to the pre-
workshop, post-workshop and delayed list method, but different codes were used for the 
interviews because they concerned different topics. 
 
The coded text could then be converted into several quantitative results: the number of 
responses; the number of unique responses between participants (and prevalence of 
shared responses); retention of previous responses; transfer of responses between 
participants 
 
The relative rankings from the rated preference and control ratings methods were 
already in numerical form, with each answer associated with a number between 1 and 
8. These rankings were converted into values between 1 (most important action) and -1 
(least important action). An “x” ranked action among “n” number of actions was 
scored:  
Relative ranking = 2   (!!!)(!!!) -1 
This system was chosen so that relative weightings from participants with a different 
number of statements to rank could be treated comparably (Stiegel and Castellan, 
1988). This allowed the comparison of ratings of pre-workshop and post-workshop 
responses. 
 
Statistical significance was determined using common statistical methods. A 
Kolmogorov-Smirnov test was used to confirm that results were normally distributed, 
which allowed the use of a two-tailed Student’s t-test to measure the significance of 
findings (Stephens, 1974). A two-tailed test was used due to the absence of strictly 
formed a priori hypotheses (Stephens 1974). 
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3.5 Results 
The interviews revealed that most participants (17 of 30) had little recollection of the 
workshops, and could not describe the workshop in detail. Two described features that 
had not been part of the workshop (an explanation of the strategy and how it would be 
implemented, and a supplied definition of the strategic objectives and their scope) – it 
is possible that these were featured in other unrelated meetings in which the 
participants had taken part. 
 
Few (6 of 30) recalled changing their views because of the workshop, though a larger 
number (14 of 30) believed that other participants had changed their views to become 
more like those of the interviewee. Where participants could describe the meeting, 
several themes emerged. Common themes were that participants believed that:  
• they were listened to and understood (“It was good when people suggested 
arrows (in the causal loop diagram), they could see their idea being used.”);  
• all could contribute to the discussion (“People didn’t need to be experts in 
everything…they could still contribute.”);  
• visual representations were useful in building shared understanding (“It helps 
(the discussion) when you’re all looking at the same picture.”); 
• focussing on causal relationships was useful in clarifying the participants own 
thinking (“Focussing on causes is really good, not just a bunch of statements.”); 
and  
• the identification of leverage points created a shared and agreed path forward 
(“It was easier to pick interventions using the board (causal loop diagram) than 
just arguing it out against each other.”). 
Questions concerning the organisational strategy revealed that most participants had 
familiarity with each of the strategic objectives, though this took some prompting. Few 
(7 of 30) believed that the strategy had changed their work, though some of these (4 of 
30) believed that the organisation had shifted its focus from sustainability outcomes to 
economic outcomes, which is not mentioned in the strategy. Most participants had not 
discussed the strategy regularly (21 of 30).  
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Participants believed that their views of the strategic objectives and what the 
organisation should do to achieve them had not changed for three of the four objectives. 
For the fourth objective “Increase sustainable resource use” (explored by group 3), 
participants believed that their views had changed based on a different interpretation of 
the objective (initially some believed it referred to increased sustainability, but more 
recently they understood it to mean increased resource use). The interviews therefore 
suggest that the workshop conclusions had not been reinforced through mechanisms 
outside the workshop invention. Any retention of workshop conclusions is likely to be 
due to the workshop itself. 
 
Number of responses 
 
When asked to list the most important actions, participants (n=30) volunteered 
significant fewer responses in the pre-workshop evaluation (mean=2.83) than in the 
post-workshop evaluation (mean=3.27, p<0.01). This result was not expected. 
Experiments with multi-criteria analysis suggest that as participants are exposed to each 
other’s ideas, they typically volunteer more factors rather than fewer (Keeney and 
Haiffa, 1976). This case study differs in that participants were asked which actions “are 
most important” rather than which “are important”. Therefore, one explanation for the 
result observed may be that through identifying leverage points (places where a small 
shift in one area can cause a big change in the overall performance of the system – 
Meadows, 1999), participants were better able to list a smaller number of actions as 
“most important”. After one year, the number of actions had increased again to 
significantly higher than both the pre-workshop and post-workshop responses (3.97 
responses per participant in the delayed list method, p<0.01). This suggests that any 
focussing effect from the workshop caused only temporary changes.  
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Mental model alignment 
 
In the pre-workshop, post-workshop and delayed list evaluations, some responses were 
volunteered by more than one participant. For each evaluation (pre-workshop, post-
workshop, and delayed list), the average number of times each distinct code occurred 
was calculated (Code repetition = mean number of occurrences of any distinct code). 
While the delayed list evaluation revealed answers slightly less alike than the post-
workshop evaluation, both were still significantly more alike (p<0.01) than the pre-
workshop evaluation (see Table 3.3).  
 
This method does not take into consideration the different number of responses in each 
evaluation. A second method calculates the likelihood of any two responses being the 
same (Agreement rate = mean of the occurrence of each code divided by the number of 
responses – Fleiss et al., 2013). This method demonstrated similar results; with both 
post-workshop and delayed list evaluations having significantly higher agreement 
(p<0.01) than the pre-workshop list.  
 
Results from both of these methods suggest alignment of mental models among 
participants persists until at least 12 months after participation in group model building 
workshops. 
 
Table 3.3: Pairwise comparison of agreement between participant responses (n=30) 
 Pre-workshop Post-workshop Delayed list Significance 
Code repetition 1.84 4.25  p<0.01 
1.84  4.14 p<0.01 
 4.25 4.14 ns 
Agreement rate 
(%) 
1.87 5.00  p<0.01 
1.87  3.47 p<0.01 
 5.00 3.47 p<0.10 
ns = not significant 
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This supports the claim that group model building produces greater mental model 
alignment (Huz et al., 1997), and suggests a possible reason for increased consensus 
reported in the literature (Rouwette et al., 2002). Consensus refers to agreement or 
consent by all participants, an acceptable solution that can be supported by everyone 
even if it is not their favourite (Hartnett, 2011). Individuals with similar mental models 
are more likely to reach consensus agreement (Cannon-Bowers et al., 1993). The 
conclusions of the workshop appeared to have complete consensus; the facilitator notes 
reveal that participants were asked if they agreed and no dissenting views were offered. 
Most post-workshop responses (76 out of 85) were consistent with the conclusions of 
the workshop, suggesting high but not complete overlap between participants’ favoured 
solutions and the ones they found acceptable for agreement.  
 
Mental model change 
 
When participants were asked to list the most important actions one year after the 
workshop (delayed list method) some of their responses were coded the same as in their 
pre-workshop and/or post-workshop responses, and some were new responses that they 
had not volunteered previously. The number of responses in each of these three 
category was compared; participants were more likely to volunteer responses in the 
delayed list method that were coded the same as their post-workshop evaluation than 
their pre-workshop evaluation (p<0.01, see Table 3.4). This suggests far greater 
retention of post-workshop responses. Some responses were found in both the pre-
workshop and post-workshop responses – the sum of the three categories exceeds the 
total number of responses. 
 
Table 3.4: Origin of participants’ delayed list responses (n=30) 
 Number of responses from each participant 
 From pre-workshop evaluation 0.67* 
 From post-workshop evaluation 1.94* 
 New 1.47 
*These two means are different at a p<0.01 significance level 
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The rated preference method provides another measure of mental model change. 
Participants’ rankings of a number of statements were converted into a relative ranking 
(-1 to +1, see Relative ranking formula in the Methodology section). These statements 
were that participant’s own responses from their pre-workshop and post-workshop 
evaluation. When compared, the ratings of pre-workshop statements were significantly 
higher than those from the pre-workshop evaluation (p<0.01, see Table 3.5). Post-
workshop responses were rated higher by most participants, and were both more likely 
to be top-rated and less likely to be the bottom-rated statements. This strongly suggests 
that even one year later, the participants still preferred the actions identified as most 
important immediately after the workshops to those identified before the workshops. 
The analysis for individual groups is less clear due to the small sample size. There was 
no significant variation by age, gender education, tenure or rank. 
 
Table 3.5: Participants’ ratings of pre- and post-workshop statements (n=30) 
 Rating of pre-
workshop statements 
Rating of post-
workshop statements 
Significance 
Rated Preference 
(own workshop) 
-0.19 +0.19 p<0.01 
Control Ratings   
(not own workshop) 
-0.05 +0.05 ns 
ns = not significant 
 
The delayed list and rated preference methods provide two different measures 
comparing participants’ decision preferences in delayed responses with pre-workshop 
and post-workshop responses. These two evaluation methods reveal clear evidence of 
retention of post-workshop views.  
 
One possible alternative explanation for why participants preferred post-workshop 
statements is not that they had altered participants’ views in an enduring way, but rather 
that the statements themselves were “better” or more artfully formed, having been 
refined over the course of the workshop. To evaluate this alternative explanation, 
participants were asked to provide rated preferences for statements from workshops in 
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which they were not involved, randomly sourced from the workshop for that objective 
(control ratings evaluation). Participants had not discussed this objective in their 
workshop, but interviews revealed that some (10 of 30) had discussed the objectives in 
another context. The ratings from the control ratings evaluation were compared using 
the same method as for the rated preference evaluation above. While there was a slight 
preference for post-workshop statements from the other workshop, this was not 
significant (p>0.10, see Table 3.5). Participants only preferred post-workshop 
statements from workshops in which they took part, suggesting that the changed 
preferences in the delayed list and rated preference methods are indeed due to retained 
mental model change. 
 
Modelling as persuasion 
 
No participants offered post-workshop responses identical to pre-workshop responses. 
In the post-workshop evaluation, only 0.23 responses per participant were retained from 
their respective pre-workshop evaluation. A further 1.17 per participant featured only in 
other participants’ pre-workshop evaluations, suggesting that participants are persuaded 
by their peers (Vennix et al., 1996; McCardle-Keurentjes et al., 2009; Rouwette et al., 
2011). Finally, 1.43 post-workshop responses per participant did not appear in any 
participants’ pre-workshop responses, suggesting new insights (see Table 3.6). This 
case study supports and quantifies the modelling-as-persuasion hypothesis (Rouwette et 
al., 2011) that suggests participants change their minds as a result of exposure to 
opposing views from other participants and new insights gained from the process. 
Similar concepts are discussed elsewhere as “attitude formation” (Vennix et al., 1996) 
and “conversational persuasion” (Franco, 2006). 
 
In Group 3 (where the facilitator notes suggested that the group’s understanding of the 
problem appeared to undergo the greatest change) participants retained no post-
workshop responses from their respective pre-workshop responses. The small sample 
size (n=4) makes it difficult to generalise these results, but it is nonetheless interesting 
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to note that subjective records on the apparent degree of change were consistent with 
decreased retention of pre-workshop responses.  
 
Table 3.6: Origins of responses (n=30) 
 Pre-workshop Post-workshop Delayed list 
Participants’ pre-existing ideas 3.27 0.23 0.67 
Ideas from other participants - 1.17 0.69 
New insights from workshop - 1.43 1.14 
New insights in intervening year - - 1.47 
Total 3.27 2.83 3.97 
 
For each participant, these results were compared to their delayed list responses (see 
Table 3.6). New insights were retained at a far higher rate (retention rate = 1.14/1.43 = 
80%) than ideas from other participants (retention rate = 0.69/1.17 = 59%). A 
comparison of retention rates for individual participants showed this difference to be 
significant (p<0.01). This suggests that when designing interventions for achieving 
enduring mental model change, practitioners may want to consider how to maximise 
opportunities for self-discovery rather than persuasion. 
 
Qualitative changes 
 
Assessing qualitative differences between written responses was more difficult, and 
ultimately subjective. Pre-workshop responses appeared more likely to focus on 
resources (e.g. “increased funding for border biosecurity”, “access to better pest 
management tools”) and limits (e.g. “need to accept less stocking density”, “setting 
limits on effluent management”). Post-workshop responses were more likely to focus on 
relationships and alignment between system stakeholders (e.g. “have a conversation 
with stakeholders about expectations and priorities”, “getting stakeholders to pull in 
the same direction”), and enabling behaviour change (e.g. “we have the tools, we just 
need to teach/help farmers use them”, “should be working in partnership with farmers 
to help them be more sustainable, not just setting the rules”). This perhaps reflected a 
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change in focus from individual elements to an increased focus on the relationships 
between them, encouraged through the use of causal loop diagrams. Delayed list 
responses were a mixture of both styles, but with a tendency toward focusing on 
stakeholders and behaviours (similar to the post-workshop responses). 
 
Participant self-reporting 
 
Participants also completed a questionnaire that explored their perceptions of the 
workshop effectiveness (see Scott et al., 2012). This questionnaire included 23 
questions which asked participants to rate their perceptions of the extent to which the 
workshop increased communication quality, insight, consensus and commitment to 
conclusions. The responses to these questions were aggregated, to provide a score 
between 1 and 5, representing the participant’s perceptions of workshop effectiveness. 
Each participant’s aggregate score from this questionnaire was compared to their 
relative rating of pre-workshop and post-workshop statements (rated preference 
method, see Table 3.7). These two data sets were tested for co-variance (to measure 
how much the two sources change together), and Pearson’s product-moment correlation 
(to measure the degree of linear dependence; Stephens, 1974). The results suggested 
that participants who rated the workshops as being effective were more likely to retain 
insights from that workshop (and vice versa). Post-workshop questionnaire rating of 
workshop effectiveness may therefore have some predictive value in mental model 
change. This contrasts with psychology research that suggests a participant’s 
appreciation of an intervention has no correlation with individual-level outcomes 
(Alliger and Janak, 1989). 
 
Table 3.7: Covariance between individual post-workshop ratings of workshop 
effectiveness, and delayed preference for post-workshop statements (n=30) 
 Covariance Pearson product-moment 
correlation coefficient 
Ratings for workshop effectiveness versus 
delayed rating of post-workshop statements 
0.54 0.69 
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3.6 Discussion 
Mental models can only be studied by inference (Gentner and Stevens, 1983). This 
study uses enduring decision preferences to infer mental model change. Decision 
preferences in any given moment may be influenced by a wide range of factors, but 
enduring preferences are more likely to result from deeper psychological structures 
(Kahneman and Tversky, 2000). Nonetheless, the use of such inference limits the 
certainty with which we can say that the changes observed are evidence of mental 
model change. 
 
Many group model building practitioners conduct long-term engagements with clients 
(Zagonel and Rohrbaugh, 2007), rather than short episodic contact as explored in this 
paper. This study should not be read as concluding that short interventions are 
preferable, but that mental model change is possible even with individual short 
workshops.  
 
This study follows the effects of qualitative group model building workshops, and 
demonstrates that they can produce lasting mental model change and mental model 
alignment. It is not possible to determine from this study whether these changes are 
greater or less than other workshop methods, or with other facilitators. A side-by-side 
comparison would be preferable but this is difficult to achieve in a business setting 
(Shadish et al., 2001). Where control groups have been used in the group model 
building literature, these have either relied on student groups completing hypothetical 
problems (and therefore may lack external validity; McCardle-Keurentjes et al., 2009), 
or used groups that may not be comparable (Huz, 1999; Dwyer and Stave, 2008). 
Similarly distinguishing between effects of the method and of the facilitator is an 
ongoing challenge in workshop literature (Eden, 1995).  
 
There are considerable difficulties in trying to empirically assess the impact of 
workshop interventions (Shadish et al., 2001). This is particularly true of delayed 
assessments and long-term impacts, although this has been attempted in other fields 
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(Decker et al., 1988; Rust, 1998; Steinert et al., 2003). These conclude that if 
workshops result in practice change, these practices can persist. They do not evaluate 
changes in attitudes or beliefs, or attempt to separate workshop effects from 
implementation effects. Group model building literature also suggests that effective 
interventions produce practice change (organisation-level outcomes - Rouwette et al., 
2002); in most settings this makes it impossible to attribute changes in participant 
thinking to the workshops rather than associated implementation. The case study in this 
paper took advantage of a rare opportunity to evaluate the effects of group model 
building workshops separately to the implementation of workshop conclusions. Both 
the delayed list and rated preference methods infer enduring mental model change and 
mental model alignment. 
 
Few participants believed that their views had been influenced by participation in their 
workshop. However, twelve months after the workshop, participants were still much 
more likely to agree with statements they had made immediately after the workshop 
than immediately before. If the workshop had no enduring effect, the opposite might be 
expected – that views would revert to the pre-workshop baseline (Gist et al., 1991). 
Group model building workshops are commonly contract services purchased by a client 
organisation (Vennix et al., 1993). If there is a hindsight bias (Tversky and Kahneman, 
1973; Fischoff and Beyth, 1975) that creates inconsistencies between participants’ 
perceptions and actual changes in their views, this may suggest that participants 
(clients) are not well positioned to determine the value of the service they receive. 
 
The control ratings method revealed that participants did not prefer post-workshop 
views from workshops that they were not involved in, which may be a limitation in 
promoting the results of a group model building workshop to others who were not part 
of the process. While there have been some examples of using system dynamics to 
communicate and convince others (Snabe and Größler, 2006), it is likely that the 
lessons from the workshops are most meaningful to participants and may or may not be 
meaningful or compelling to non-participants. 
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While mental model change and mental model alignment has previously been identified 
as an outcome of group model building (Rouwette and Vennix, 2006; Dwyer and Stave, 
2008; Rouwette, Vennix and Felling, 2009; Rouwette et al., 2011), this is the first time 
this outcome has been demonstrated to be an enduring effect. There are several 
hypotheses for how group model building may cause mental model change, including: 
• Operator logic (modelling augments managers’ repertoires of means-ends 
response options – Richardson et al., 1994). 
• Systems archetypes (modelling increases the ability of participants to perceive 
generic structures and consider causal relationships – Maani and Maharaj, 2003) 
• Modelling as persuasion (mental model change depends on the combination of 
participants’ ability to process information, the quality of arguments, and 
persuasive content – Rouwette et al., 2011). 
• Boundary objects (models are a shared representation of dependencies that 
participants can modify, that build trust and agreement – Black and Andersen, 
2012). 
Further research is planned to differentiate which hypothesis best explains the evidence 
in these four groups.  
 
Most studies that attempt quantitative evaluation of group model building rely on 
participant perceptions of effectiveness (Rouwette et al., 2002). The theory of the 
adaptive unconscious suggests that stated recollections may in fact be verbal 
explanations of the participants’ own mental processes; that is, what they think must 
have happened, rather than actual recollections (“introspection illusion” – Wilson 
2002). The methods described in this study do not rely on self-reporting. 
 
The written questions used in this study allow new insights into alignment of decision 
preferences between participants, the degree of change of decision preferences, the 
origin of new preferences (new or learned from other participants), and in each case the 
extent to which these effects persist over time. The questions are simple to administer, 
and are amenable to quantitative analysis. The use of control ratings allows alternative 
explanations to be tested. They should be considered as an evaluation tool when change 
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and alignment of participant thinking is a desired outcome of the intervention. In 
particular, replicating this evaluation tool in a quantitative system dynamics setting 
could provide greater understanding of the differences in outcomes between 
quantitative and qualitative system dynamics workshops, to aid in the future 
intervention design.  
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Links between Chapter 3 and other parts of this 
thesis, and contribution of Chapter 4 
 
 
The results of Chapter 3 are used again in three places in this thesis: 
1. Chapter 3 establishes that mental model change has occurred. Chapter 4 
explores how and why these changes occurred, using the same research 
subjects. 
 
2. Chapter 5 asks which group model building outcomes are valued by potential 
clients. The findings from Chapter 2 form several of the outcomes explored, 
including: mental model change, enduring mental model change, mental model 
alignment, enduring mental model alignment, insight, persuasion, and ratings 
of workshop conclusions by non-participants. 
 
3. Chapter 6 reflects on the results of Chapter 3 in the context of Research 
Questions 2: “How enduring are group model building outcomes” and 3: “Can 
group model building support mental model change and mental model 
alignment among participants?” Several new opportunities for further research 
are identified. 
 
Chapter 4 uses interviews with participants to evaluate and compare the proposed 
mechanisms for how group model building supports participant mental model change. 
This helps evaluate Research Question 4: “What mechanisms best explain mental 
model change and mental model alignment among participants in group model 
building?”  
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Chapter 4 Mechanisms for understanding 
mental model change from group model 
building 
 
(This paper has been published as: Scott, R.J., Cavana, R.Y., Cameron, D. 2014. 
Mechanisms for understanding mental model change in group model building. 
Systems Research and Behavioral Science doi:10.1002/sres.2303.) 
 
Abstract 
Mental model change and mental model alignment are reported outcomes of group 
model building. Several explanations have been proposed for these changes. This paper 
explores the experiences of participants in group model building workshops where 
delayed evaluations suggested that lasting mental model change has occurred. Semi-
structured interviews were used to explore how participants believed that the 
workshops changed their thinking. The results are compared with proposed 
mechanisms for mental model change: operator logic, systems archetypes, modelling as 
persuasion, and boundary objects. Although individuals typically possess incomplete 
insight into their own learning, understanding participants’ recollections helps 
practitioners to better communicate with clients and potential clients. Interview results 
support the boundary object mechanism as most consistent with participants’ own 
recollections. 
 
4.1 Introduction 
System dynamics modelling frequently occurs in a consultant setting. Practitioners use 
modelling tools to develop proposed interventions for clients. These proposed 
interventions are not always adopted by the client, due to a lack of understanding of 
prevailing politics (Greenberger et al., 1976) or a lack of ownership by the client 
(Stenberg, 1980). As a result, some practitioners began to experiment with involving 
clients in the modelling process, a method now known as “group model building” 
(Vennix, 1996). Several studies have confirmed that group model building increases 
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participants’ commitment to implementing the conclusions of the intervention 
(Akkermans et al., 1993; Vennix et al., 1993; Vennix and Rouwette, 2000; Rouwette 
and Vennix, 2006; Rouwette, 2011) 
 
Practitioners noticed that group model building also had other effects on the 
participants – these appeared to occur at both an individual and group level (Rouwette 
et al., 2002). However, these effects have not been fully documented, and the literature 
remains unclear on what group model building methods achieve, and why (Rouwette et 
al., 2011). Different authors assert that group model building causes individuals’ 
mental models to change (Richardson et al., 1994) and become more aligned with other 
participants’ (Huz, 1999). Mental model change and alignment is thought by different 
authors to occur via different “mechanisms”, or proposed explanations for how the 
workshop environment and process cause cognitive change (Machamer et al., 2010, 
Hedström and Ylikoski). Several of these mechanisms are discussed in the first section 
after this introduction (Richardson et al., 1994, Vennix et al., 1996, Akkermans and 
Vennix, 1997, Richmond, 1997, Maani and Maharaj, 2003, Rouwette et al., 2011, 
Black and Andersen, 2012, Black, 2013). 
 
Much group model building theory has been developed through reflection, illustrated 
through case vignettes (Black and Andersen, 2012). Notably, each paper that proposes 
a new mechanism offers no insight into how these mechanisms could be compared or 
assessed against the other proposals that have gone before. This paper attempts to 
address this research gap by comparing the mechanisms proposed by other authors.  
 
This paper benefits from using the same research subjects as a previous study (Scott et 
al., 2013). In the prior study, group model building workshops were conducted, and 
quantitative evaluation demonstrated that participants experienced lasting mental model 
change and increased mental model alignment. The second section of this paper 
establishes that these research subjects are relevant for exploring mechanisms for 
mental model change.  
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The third section describes the research methodology, including the interview process 
and content analysis. Participant responses were coded to each of the proposed 
mechanisms.  
 
The results are discussed in the fourth section of the paper. Each mechanism is 
compared in turn, to evaluate which proposed mechanism is most consistent with 
participant’s stated experience. This is likely to be of interest to group model building 
practitioners looking for greater insight into how participants experience group model 
building. 
 
Finally, the most-supported mechanism is discussed further, to explore whether this 
mechanism is likely to be a good working hypothesis for our understanding of the 
individual and interpersonal processes and effects of group model building. This 
section includes limitations of the study, and implications for refinement of group 
model building methods. 
 
4.2 Group model building and mental model change 
The system dynamics community has used the language of mental models since its 
beginning (Forrester, 1961). Thompson (2009) provides an extensive description of the 
history of mental models in system dynamics literature.  
 
This is hardly surprising; group model building has been described as the practice of 
creating shared models for understanding reality (Kim, 2009), and is believed to be 
useful in exploring and communicating the otherwise-unspoken conceptualisations that 
participants bring to the task (Maani and Cavana, 2007).  
 
There have been various attempts to describe and define the term “mental models” in 
the context of system dynamics (Forrester, 1971; Forrester, 1975; Richardson and 
Pugh, 1981; Vennix et al., 1992; Richardson et al., 1994; Vennix 1996; Doyle and 
Ford, 1998; Lane, 1999; Doyle and Ford, 1999; Kim, 2009; Thompson, 2009; Rouwette 
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et al., 2011; Black and Andersen, 2012; Grösser and Schaffernicht, 2012). Doyle and 
Ford (1998) provide one of the more thorough definitions: a relatively enduring and 
accessible, but limited, internal conceptual representation of an external system whose 
structure is analogous to the perceived structure of the system.  
 
Evidence for the effects of group model building on participants’ mental models is 
limited (Scott et al., 2013). Where evidence is presented, this is usually through post-
workshop evaluation (Rouwette et al., 2002). Mental models are characterised as 
“relatively enduring” (Doyle and Ford, 1998, p14, p17), and therefore it is necessary to 
demonstrate that changed views persist before claiming that mental model change has 
occurred. Evidence for enduring change has been presented in only a few cases (Huz 
1999; Scott, et al., 2013), including the research subjects in this paper. 
 
There have been several attempts at describing how group model building may 
influence mental models (Richardson et al., 1994; Vennix et al., 1996; Akkermans and 
Vennix, 1997; Richmond, 1997; Maani and Maharaj, 2003; Rouwette et al., 2011; 
Black and Andersen, 2012). Ten mechanisms were initially considered, and six were 
then excluded for a variety of reasons, leaving four mechanisms as the subject of this 
study: “operator logic”, “systems archetypes”, “modelling as persuasion” and 
“boundary objects”. The following sections summarise the main characteristics of each 
of these four mechanisms, as characterised by their original authors, to create criteria 
for assessing their consistency with participants’ stated experience. This is followed by 
a brief explanation for why other proposals were excluded. 
 
Group model building has been described as a “problem structuring method” (Rouwette 
et al., 2009; Franco and Rouwette, 2011). Problem structuring methods are a diverse 
range of client group participative processes that share a focus on building an 
understanding of the issue within its wider context, which is then structured using a 
range of tools (Daellenbach, 2001). These include such methods as soft systems 
methodology, strategic options development and analysis, and strategic choice 
approach (Rosenhead, 1996). Several explanatory mechanisms have been proposed in 
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these methods, such as shared language (Eden, 1992), shared meaning (Checkland, 
2000), sense-making (Kirschner et al., 2003), transitional objects (Eden and Ackerman, 
2006), and boundary objects (Franco, 2013). This paper is concerned only with group 
model building methods based on system dynamics tools; however, literature from 
other problem structuring methods is used in the discussion to augment our 
understanding of those mechanisms analysed. 
 
Operator logic 
 
Richardson et al., (1994) provide a rich description of mental models based on the work 
of psychologists, education researchers and learning theorists. One proposed 
mechanism was “operatory logic” (another four hypotheses proposed by Richardson et 
al. are explored further below) The operator logic mechanism suggests that group 
model building alters mental models by augmenting managers’ repertoires of means-
ends response options. Where design logic requires a sophisticated view of systemic 
structures, operator logic merely requires managers be provided with improved 
management tactics in the form of discrete “chunks”. Insight that is sophisticated, 
holistic and “unchunked” is considered useless. 
 
Richardson et al. (1994) describe only three components of the operator logic 
mechanism: the identification of means-ends responses (actions with predicted effects); 
the packaging of these associations into small discrete “chunks”; and that these chunks 
increase the participants’ repertoire of options. 
 
Systems archetypes 
 
The systems archetypes mechanism postulates that participants who are able to identify 
insightful generic structures (Paich, 1985) can incorporate feedback elements into their 
mental models (Richardson et al., 1994). This suggests a greater skill in developing 
mental models that more closely approximate real system behaviour, in any problem 
setting where such archetypes may be applicable. This is supported by empirical 
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research that suggests that systems thinking training improves participants’ ability to 
think about complex decisions (Richmond, 1993; Maani and Marahaj, 2003). 
Participants are believed to undergo a paradigm shift to see the world in a more holistic 
and interconnected way (Maani and Maharaj, 2003).  
 
Three characteristics of the systems archetype mechanism were identified in the 
original paper: an understanding of generic structures; an increased tendency to 
consider underlying causal relationships; and, an improved ability to base decisions on 
(perceived) systemic structures (Richardson et al., 1994).  
 
Modelling as persuasion  
 
Rouwette et al. (2011) discuss how modelling sessions expose participants to ideas 
counter to their own, and that the process can contribute to those ideas being accepted 
as valid. These new ideas may come from other participants or arise as insights from 
the modelling process. This mechanism focuses on the ability of the group model 
building process to change a participant’s mind, and builds on theories of persuasion 
(Petty and Cacioppo, 1986) and planned behaviour (Ajzen, 1991).  
 
Rouwette et al. (2011) identifies four components that characterise persuasion: the 
ability of participants to process information; participants’ motivation to process 
information; the quality of arguments to which participants are exposed; and, the 
persuasive content of those arguments (Rouwette et al., 2011). 
 
Boundary objects  
 
The term “boundary objects”, a construct from sociology (Star and Griesemer, 1989), 
was first introduced to group model building as a description of the purpose of the 
system dynamics model – as a socially constructed artefact for building trust and 
agreement (Zagonel, 2002). Detailed theory on the reasons boundary objects are 
effective was then developed within the field of organisational behaviour (Carlile, 
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2002, 2004). This was subsequently reintroduced to group model building literature as 
an explanation for group model building effectiveness (Black and Andersen, 2012).  
A boundary object is a shared visual representation of dependencies that participants 
can modify. While the other explanations primarily focus on learning (learning means-
ends responses, learning systems thinking, learning new arguments), the boundary 
object mechanism focuses on the interpersonal dynamics between participants that 
result from considering a modifiable visual object. Black and Andersen (2012) 
represent their concept for how boundary objects build trust and new agreements in a 
stock and flow model, with seven feedback loops (Figure 4.1). In a follow up article, a 
fourth criterion of boundary objects was proposed – that they are iterable (Black, 2013). 
This has not yet been integrated into the stock and flow model below and so was 
omitted from the analysis. 
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Figure 4.1. Properties of boundary objects enabling activities that build trust and 
agreements incrementally (from Black and Andersen, 2012, Figure 1, p203). 
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Mechanisms that were excluded from analysis 
 
Several proposed mechanisms were considered and then excluded from further 
analysis. These were excluded because: the authors who original proposed the 
mechanism considered it unlikely; the modelling process used in this study was not 
compatible with the proposed mechanism; the original articles did not provide 
sufficient detail on which to assess similarity to participants’ experience; or the 
proposed mechanism represented early thinking that was then refined and adapted into 
one of the four mechanisms that were included. 
 
Richardson et al. (1994) describe five hypotheses, including the operator logic and 
system archetypes mechanisms included above, as well as “outcome feedback”, “cue 
selection”, and “design logic”. The outcome feedback mechanism suggests participants 
can learn from knowledge of the results of past decisions. Richardson et al. (1994) saw 
several barriers to learning in this way, particularly in complex settings due to the 
difficulty in attributing results to decisions. This was therefore excluded as being 
unlikely. 
 
The cue selection mechanism (Richardson et al, 1994) suggests that people construct 
their understanding of reality based on subjective cues, and that decision making can be 
improved by better cue selection. Cue attendance was less applicable in this study 
because the objectives were not within the management control of the participants. 
 
The design logic mechanism (Richardson et al, 1994) relates to the participants’ ability 
to understand the underlying behaviour of the system. Creating and retaining complex 
and detailed representations of systemic structures may be impossible for most 
managers (Andersen et al., 1994). 
 
Several authors have suggested that participation in the modelling processes allows for 
the development of shared language, which increases alignment of mental models 
(Richmond, 1997; Maani and Cavana, 2007). Shared language has also been described 
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as a subcomponent of the boundary object mechanism, where syntactic boundaries can 
be overcome by facilitating the transfer of perspectives between those involved 
(Franco, 2013). Shared language has also been suggested as an explanatory mechanism 
for changes observed in other problem structuring methods (Eden, 1992). This 
mechanism may warrant further study, however the descriptions of processes involved 
in this mechanism were such that it was difficult to select identifying characteristics. 
Attitude formation has also been proposed as an explanatory mechanism for how group 
model building affects mental models (Vennix et al., 1996). This mechanism draws on 
the same conceptual foundation (the theory of planned behaviour – Ajzen, 1991) as the 
modelling as persuasion mechanism. Modelling as persuasion is best considered as an 
evolution of the attitude formation hypothesis. 
 
4.3 Research subjects 
The interviewees were 30 employees of a New Zealand government department, who 
had each participated in one or more group model building workshop. The workshops 
each took 3 hours, and used commonly described qualitative group model building 
tools (Richardson and Pugh 1981; Sterman 2000; Maani and Cavana, 2007): define the 
problem or situation; identify key variables; identify behaviour over time of main 
variables; construct causal loop diagrams; and identify key leverage points for 
intervention by the organisation. The workshops followed modelling “scripts” 
(Hovmand et al., 2012) that have been published elsewhere (Scott et al., 2013; and 
Appendix 3 of this thesis).  
 
The problems addressed in these workshops were typically strategic policy questions 
where the main goal was to identify the best places in the system to act. This was then 
used to inform policy work programmes.  
 
Four of these workshops were evaluated, and reported elsewhere (Scott et al., 2013). 
For these workshops, 11-15 participants were given a strategic objective (for example, 
increasing productivity of New Zealand’s primary industries). Participants constructed 
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a representation of the key relationships that effect (in the example) productivity of 
primary industries, and then used this to identify leverage points in the system which 
would inform the policy work programme for that area (for example, improving 
technology transfer between scientists and farmers). 
 
Data collection for evaluation of each of these four workshops occurred at three stages: 
pre-workshop, post-workshop, and one-year post-workshop. Participants were asked to 
identify the most important actions for the government department to do in order to 
achieve the strategic objective discussed. One year after the workshop, respondents 
were asked to blind-rate their pre- and post-workshop responses. An identifier was used 
to link the evaluations (collected at different times) to the interviews and to each other. 
After one year, respondents preferred their post-workshop responses to their pre-
workshop responses, suggesting that enduring mental model change had occurred. This 
establishes that the interviewees are relevant subjects for studying the mechanisms that 
allow mental model change in group model building. Their retained preferences were 
also more similar to those of others in the group than at the pre-workshop stage, 
suggesting mental model alignment. Respondents had learned some of their post-
workshop responses from each other, and some had arisen as new insights from the 
process. 
 
Following the success of the initial four (evaluated) workshops, the department began 
to use group model building workshops more broadly. Many of the participants in the 
four evaluated workshops subsequently participated in a number of other group model 
building workshops on different topics using the same process. 
 
4.4 Methodology 
This study uses written responses (from the previous study, Scott et al., 2013) and 
individual interviews to evaluate four proposed mechanisms for mental model change.  
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Participation 
 
This study involves the experiences of employees working on real problems. 
Interviewees were the same participants evaluated in a previous study, so that the 
results of the previous study (Scott et al., 2013) could be used to support analysis.  
 
Participants were middle managers and subject matter experts in a single New Zealand 
government department, working on strategic policy problems. It is unclear how the 
results would differ in other nations, for private sector participants, or for participants 
from multiple organisations. Some practitioners have used group model building for 
building consensus between different organisations (Vennix and Rouwette, 2000), and 
the dynamics in these situations may be different. 
  
Facilitation 
 
All workshops were facilitated by the same employee of the host organisation (a New 
Zealand government department). This ensures consistency in the workshop tools used, 
which is important when interviewees refer to multiple workshops. However, 
facilitation-style may have impacted on the results (Andersen et al., 1997), and it is 
possible that a different facilitator may cause different outcomes. 
 
The workshops used commonly described qualitative system dynamics tools (Sterman, 
2000). These tools were chosen because they are relatively easy for a novice group to 
understand and contribute to. However, group model building often includes 
quantitative tools. Some studies have reported differences in results from qualitative-
only interventions and quantitative or mixed-qualitative/quantitative workshops 
(Rouwette et al., 2002). The groups were given no specific instruction on generic 
structures (archetypes), which is sometimes a feature of group model building 
processes (Braun, 2002; Maani and Cavana, 2007). 
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Interviews 
 
Each interviewee participated in an individual interview of approximately 30 minutes. 
The interviews were semi-structured (Kvale and Brinkmann, 2008), and the results in 
this paper are based upon three themes: participants’ recollection of the workshop, 
participants’ beliefs about whether (and how) the workshops changed their views, and 
participants’ beliefs on the elements of the workshop that were most and least useful. 
More detail on the themes and supporting questions used in the interviews are included 
as Appendix 4.  
 
The interviews were conducted one year after the workshops evaluated in the previous 
paper. However, many interviewees had subsequently participated in other group model 
building workshops following the same workshop methodology and led by the same 
facilitator. It was occasionally difficult (for both the interviewer and the interviewee) to 
determine whether these participants were describing their experiences from the 
previously evaluated workshops, or their experiences from other occasions using the 
same methodology. As both the workshops in the previous study and subsequent 
experiences used the same methodology, the evidence from the interviews is still 
applicable in understanding participants’ experience of this methodology.  
 
The interviewer had no previous knowledge of the proposed mechanisms for mental 
model change, and so had little opportunity or reason to lead participants toward 
particular answers. 
 
Analysis 
 
The interviews were compared to the proposed mechanisms for mental model change 
using content analysis (Holsti, 1969; Cavana et al., 2001). Content analysis describes a 
range of qualitative and quantitative methods for studying the content of recorded 
communication (Smith, 1975). Content analysis can consist of either open coding 
(inductive reasoning, in which themes are identified from the text), or closed coding 
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(deductive reasoning, in which themes are derived from theory), or a combination 
(Holsti, 1969; Krippendorff, 1980). In this study the purpose is to evaluate existing 
theory, so closed coding is used in which the transcripts of the interviews are analysed 
for text that corresponds to one or more of the proposed mechanisms. 
 
First, the proposed mechanisms were reduced to a series of characteristics. The original 
texts (that proposed each mechanism) were carefully inspected for any descriptors of 
elements of the proposed mechanism. For one proposed mechanism (boundary objects), 
it was plausible to select two different sets of characteristics: seven process stages (the 
named loops in Figure 4.1), or three criteria (the exogenous variables in Figure 4.1). To 
minimise any effect from this selection, both sets were analysed and are presented as 
two alternative results for the boundary object mechanism. The names of these 
characteristics are shown in Table 4.1. 
 
Table 4.1: Proposed mechanisms and associated characteristics 
Proposed mechanisms Associated characteristics 
Operator logic Identification of actions with perceived effects 
Packaging of conclusions into discrete chunks 
Increased repertoire of options 
Systems archetypes Perceive generic structures 
Consider causal relationships 
Improved decision-making based on perceived system 
Modelling as persuasion Participants’ ability to process information 
Participants’ motivation to process information 
Quality of arguments 
Persuasive content of arguments 
Boundary objects We are all heard 
We can be clear about how we’re affected 
We are all in this together 
But maybe we are not all stuck 
We can build new shared understandings 
We agree we can move forward 
Our progress fuels working together 
Boundary objects 
(alternative) 
Shared visual representations 
Portrayal of dependencies and relationships 
Can be modified by input from every participant 
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Some of these associated characteristics appear categorically different to each other. 
This raises the question of whether they can be compared at all. Consideration was 
given to whether these associated characteristics should be further categorised using 
some theoretical framework. For example, the characteristics could be divided into 
cognitive, social, and process descriptions.  
 
This paper attempts to compare participants’ descriptions to previous authors 
descriptions. As a purely comparative exercise of description, it does not appear 
problematic that the associated characteristics are of different types. If, for example, an 
author describes cognitive mechanisms but participants describe social mechanisms, 
then that author’s description is not a good match for how participants relate to their 
experiences – even if the author’s description is accurate. It was therefore concluded 
that the best comparison of descriptive accuracy was through using associated 
characteristics as described by the original authors of that mechanism, and not filtered 
through an additional framework.  
 
Having identified characteristics for each mechanism, these were next developed into 
codes, with inclusion/exclusion criteria (Boyatzis, 1998; Creswell 2012). The coding 
criteria are included as Appendix 4. 
 
The interviews were transcribed from audio recordings, and information that identified 
individuals was removed. Participants were identified by a code consisting of a letter 
A-D for their group in the previously evaluated workshops, and a number to distinguish 
participants within that group (e.g. “A1”, “D11”). 
 
Next, the transcripts were read in detail, and individual concepts were coded where 
they matched the selection criteria of any code (selective coding – Neuman, 1997). 
Concepts were coded as “supporting” if they noted that the characteristic was present 
and helpful. Concepts were coded as “opposing” if they noted the characteristic as 
present but unhelpful, or as absent from the workshop (see “Supporting information” 
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for more details). A single coder completed all coding. A single concept could be coded 
to more than one code.  
 
Finally, to remove double-counting, the results were reviewed such that a single quote 
could only appear once per mechanism. This meant that a quote could be coded to 
multiple mechanisms, but not to multiple characteristics of the same mechanism. 
Readers may note that several quotes could be equally applied to several characteristics 
in the same mechanism, but this should not affect overall analysis that compares 
between different proposed mechanisms. 
 
Content analysis can be used for qualitative analysis – this is also referred to as 
“narrative analysis” (Manning and Cullum-Swan, 1994; Berg and Lune, 2004). In this 
context, the purpose of content analysis is to group the text into like themes, to make it 
easier to extract meaning (Miles and Huberman, 1994; Berg and Lune, 2004). 
Interpretation relies on reading the quotes for each mechanism to answer which 
mechanism appears best supported by the text. This process is inherently subjective 
(Marshall and Rossman, 2010); therefore quotes identified in the coding process are 
included in the Results so that the interpretation can be examined by the reader. 
 
Content analysis can also be used for quantitative analysis – this is also known as 
“quantitative text analysis” (Roberts, 2000). In psychology, researchers using 
quantitative text analysis frequently use established coding dictionaries to create “word 
counts“ for key themes (Mehl, 2006). Conversely, social anthropological approaches 
frequently create bespoke themes based on the aspects of theory that are being studied 
(Coffey and Atkinson, 1996; Berg and Lune, 2004). In either case, researchers report 
the frequency with which a given concept appears in text to suggest the magnitude of 
the observation (Berg and Lune, 2004). In this study, the frequency of characteristics 
for each mechanism appearing in the interview transcripts is used to suggest how well 
each mechanism fits with the interviewees’ stated recollections. 
 
120	  
This quantitative interpretation is limited in two ways. First, content analysis is 
inherently subjective, both in how the code criteria are constructed and then how the 
text is assessed against these codes (Krippendorff, 1980). Computer-based coding has 
some intuitive appeal, in that codes are always processed consistently, however, this 
merely shifts even greater burden onto the subjective creation of coding criteria (Mehl, 
2006). The second limitation is that theme frequency is a useful but imperfect indicator 
of importance (Berg and Lune, 2004), though the reliability of comparisons based on 
frequency is believed to increase as the magnitude of variance increases (Berg and 
Lune, 2004). 
 
4.5 Results 
Participants were asked for their age, gender, education, length of employment, and 
level within the organisation, as show in Table 4.2. The interviews revealed no obvious 
differences in how the workshops were experienced by different demographic groups. 
 
Table 4.2: Demographics of interviewees (n=30) 
 Value 
Age Mean = 46 years, range = 31-64 years 
Gender 19 male, 11 female 
Highest qualification 23 post-graduate, 6 under-graduate, 1 high school 
Length of employment Mean = 10 years, range = 1-40 years 
Organisational level 3 directors, 9 group managers, 2 team managers, 16 non-
managers 
 
Comparison of previous (written) results to proposed mechanisms 
 
The research subjects were the same as those from a previous study (Scott et al., 2013) 
that was evaluated quantitatively using stated preference methods (see Research 
Subjects and Methodology in this paper). It is possible that the conclusions of the 
previous study may provide some evidence that would make any of the four proposed 
mechanism more or less likely as an explanation of participants’ mental model change. 
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The relevant findings from this earlier study were: participants changed their views on 
the workshop topic during the workshop, and these changed views persisted over at 
least 12 months; participants views became more alike, and this also persisted over at 
least 12 months; and changed views were a mix of those learned from other 
participants, and new insights from the workshop process.  
 
These conclusions were then assessed against the characteristics of the proposed 
mechanisms, to determine if the conclusions in any way supported or opposed any 
proposed mechanism as an explanation of participants’ mental model change (Table 
4.3). Modelling as persuasion was the most supported by the written responses; the 
written responses provide direct evidence that participants adopt views previously held 
by others in the group (persuasion). However, all mechanisms were logically supported 
by the results of the written responses. 
 
Table 4.3: Comparison of findings from the previous study (Scott et al., 2013) to 
proposed mechanisms 
 Operator Logic System 
archetypes 
Modelling as 
persuasion 
Boundary 
objects 
Retained 
preference 
for post-
workshop 
views 
Supported: 
Retention of 
discrete 
chunks 
Supported: 
Decisions 
based on 
perceived 
system 
Supported: 
Retention 
due to 
persuasive 
content 
Supported: 
Building new 
understandings 
Alignment 
between 
participants 
No relevant 
theory 
No relevant 
theory 
Supported: 
Alignment 
due to 
persuasion  
Supported: 
Alignment due 
to mutual trust 
Persuasion and 
insight 
No relevant 
theory 
No relevant 
theory 
Supported: 
Persuasive 
arguments 
No relevant 
theory 
 
Operator logic 
 
The interviews revealed little information that could be related to the identified 
components of the operator logic mechanism (Table 4.4). 
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Table 4.4: Quotes from interviews supporting operator logic mechanism 
Mechanism 
components 
Supporting quotes from interviewees / [Opposing quotes from 
interviewees] 
Identification of 
actions with 
perceived effects 
B8“Focussing on causes is really good”  
A8“You could see how all the different parts influence each 
other” 
A7“We focus(sed) on causes which I think is useful so you see 
how it all fits together” 
Packaging of 
conclusions into 
discrete chunks 
A1“We came up with a list of actions” 
A9“You pick the spots where you can make the best change” 
Increased repertoire 
of options 
B6“I probably learned quite a bit” 
 
Systems archetypes 
 
Participants reported that some of the characteristics of the systems archetypes 
mechanism were present (Table 4.5). 
 
Table 4.5: Quotes from interviews supporting systems archetypes mechanism 
Proposed mechanism 
components 
Supporting quotes from interviewees / [Opposing quotes from 
interviewees] 
Perceive generic 
structures 
No response 
Consider causal 
relationships 
 
B8“Focussing on causes is really good”  
A8“You could see how all the different parts influence each 
other” 
A7“We focus(sed) on causes which I think is useful so you see 
how it all fits together” 
Improved decision 
making based on 
perceived system 
 
A8“I don't think everyone has thought about how all our work 
fits together before.” 
A9“It’s about showing how the different parts relate.” 
A11“It’s a good way to see the whole system - how all the 
different parts work together.” 
A11“You don't really thinking about how the whole picture 
works - I got a new (view) where I didn't have one before.”  
B3“We saw new linkages.” 
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Modelling as persuasion  
 
The interviews revealed mixed (supporting and opposing) information for the identified 
components of the modelling as persuasion mechanism (Table 4.6). 
 
Table 4.6: Quotes from interviews supporting modelling as persuasion mechanism 
Proposed 
mechanism 
components 
Supporting quotes from interviewees / [Opposing quotes from 
interviewees] 
Participants’ ability 
to process 
information 
A7“You see it differently when it’s a picture.” 
C5“Having something visual is useful, so everyone can 
understand it.”  
C7“You end up with a much clearer idea in your own head.” 
Participants’ 
motivation to 
process information 
B4“There was less ‘ego’ so it was easier for everyone to agree.” 
 
Quality of 
arguments 
 
[B7“It seems kind of arbitrary where we got to.”]  
[D7“It doesn't help distinguish between good ideas and dumb 
ones.”] 
Persuasive content 
of arguments 
 
B4“We used the model to work out where to act.” 
B3“I decided there are other more efficient places to act after I've 
seen it all up on a board.” 
B3“Having people there to talk about the problem in a structured 
way is good.” 
[B7“There was no way of testing at the end to see if you got it 
right.”] 
[C7“It’s not so much about changing your mind as just clarifying 
what you think.”] 
 
Boundary objects  
 
The interviews revealed strongly supporting information from multiple sources for the 
identified components of the boundary object mechanism. As there were two plausible 
sets of characteristics in the literature, two analyses are presented (Table 4.7 and Table 
4.8). 
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Table 4.7: Quotes from interviews supporting the boundary object mechanism 
Proposed 
mechanism 
components  
Supporting quotes from interviewees / [Opposing quotes from 
interviewees] 
We are all heard  
 
C5“It was good when people suggested arrows (in the causal 
loop diagram) they could see their idea being used”  
A11“Everyone could speak” 
A9“Everyone can contribute. Because everyone's ideas are on 
the board for us to understand and discuss so you know how each 
other is thinking” 
A11“It wasn't just one or two dominating the conversation” 
A8“It was good letting everyone have their chance to speak.” 
A4“I think just having the conversation made a difference” 
We can be clear 
about how we are 
affected  
 
A8“You could see how all the different parts influence each 
other. I don’t think everyone has thought about how all our work 
fits together before.”  
C5“Otherwise people have all these assumptions in their head 
and not everyone can share it.” 
B6“It helps (the discussion) when you’re all looking at the same 
picture” 
B6“No one had all the pieces of the puzzle, but we were able to 
put it all together” 
C1“The process helps you understand each other” 
D4“You see how others draw links” 
A9“It’s about showing how the different parts relate.” 
A8“Everyone was able to understand how it fits together.” 
We are all in this 
together  
 
B4“People didn’t need to be experts in everything…they could 
still contribute” 
B8“Focussing on causes is really good, not just a bunch of 
statements.” 
B11“We all contributed.” 
B7“You can all contribute to (the model).” 
B7“Having the diagram as something neutral to discuss is useful 
- then you’re not attacking each other.” 
A9“It’s always good to see how everyone else thinks everything 
fits together.” 
But maybe we are 
not all stuck  
B3“I have decided that there are other more efficient places to 
act after I've seen it all up on a (causal loop diagram)” 
B4“We used the model to work out where to act” 
We build new 
shared 
understandings  
 
A7“(We) see things differently when its as a picture” 
B3“There were ideas that came out through the (model) that 
weren’t there before. We saw new linkages.” 
A8“Everyone was able to understand how it fits together, rather 
than describing (different parts of) an elephant” 
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D6“I think we got to a point of seeing how everything fit” 
B7“The results are a bit surprising.” 
A9“Its really good for getting mutual understanding” 
We agree we can 
move forward  
 
A11“It was easier to pick interventions using the board (causal 
loop diagram) than just arguing it out against each other” 
B4“Because we used the model to work out where to act, it was 
easier…for everyone to agree.” 
D3“(It is) good to get those people together so we can be really 
clear about what we want” 
A9“You pick the spots where you can make the best change.” 
Our progress fuels 
working together 
B6“I think we all ended up more aligned” 
B4“There was less ego so it look less to agree” 
A11“For the participants I think its important to see their agreed 
changes being implemented” 
[B11“I'm not sure we took it far enough.”] 
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Table 4.8. Quotes from interviews supporting the boundary object mechanism – 
alternative characteristics 
Proposed mechanism 
components 
Supporting quotes from interviewees / [Opposing quotes from 
interviewees]  
Shared visual 
representations 
A7“(We) see things differently when its as a picture” 
B3“I have decided that there are other more efficient places to 
act after I've seen it all up on a (causal loop diagram)” 
B6“It helps (the discussion) when you’re all looking at the same 
picture” 
B7“Having the diagram as something neutral to discuss is useful 
- then you’re not attacking each other.” 
C5“Having something visual is useful, so everyone can 
understand it.” 
C5“It was good when people suggested arrows (in the causal 
loop diagram) they could see their idea being used”  
D4“You see how others draw links” 
Portrayal of 
dependencies and 
relationships 
 
 
A7“We focus(sed) on causes which I think is useful so you see 
how it all fits together” 
A8“Everyone was able to understand how it fits together, rather 
than describing (different parts of) an elephant” 
A8“You could see how all the different parts influence each 
other.  
A8“I don't think everyone has thought about how all our work 
fits together before.” 
A9“It’s always good to see how everyone else thinks everything 
fits together.” 
A9“It’s about showing how the different parts relate.” 
A11“It’s a good way to see the whole system - how all the 
different parts work together.” 
A11“You don't really thinking about how the whole picture 
works - I got a new (view) where I didn't have one before.” 
B3“We saw new linkages.” 
B8“Focussing on causes is really good, not just a bunch of 
statements.” 
D6“I think we got to a point of seeing how everything fit” 
Can be modified by 
input from every 
participant. 
A9“Everyone can contribute. Because everyone's ideas are on 
the board for us to understand and discuss so you know how 
each other is thinking” 
A11“Everyone could speak” 
B4“People didn’t need to be experts in everything…they could 
still contribute” 
B7“You can all contribute to (the model).” 
B11“We all contributed.” 
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Qualitative analysis was completed by reading all the quotes coded to each mechanism, 
and considering which mechanism was the overall best fit with the transcripts. This 
method considered: the amount of supporting and opposing material; how closely the 
quotes applied to the characteristics; and how strongly the quotes supported (or 
opposed) the characteristics (for example, positive descriptors and causal attribution of 
positive outcomes). Where quotes were coded to more than one mechanism, they were 
re-examined to consider which characteristic was the more specific fit. Qualitative 
analysis suggested some support for each of the four mechanisms. However, the 
greatest support was for the boundary objects mechanism (through either of the code 
sets). This process is inherently subjective (Marshall and Rossman, 2010). 
 
Many of the quotes were very strongly aligned to the boundary object mechanism. For 
example, for the characteristic “We are all heard”, responses included: everyone could 
speak; everyone's ideas are on the board; it wasn't just one or two dominating the 
conversation; it was good letting everyone have their chance to speak; everyone can 
contribute; they could still contribute; we all contributed; you can all contribute. These 
responses included both of the key elements of the characteristic – communication and 
universal involvement. 
 
Many of the quotes coded to the boundary object mechanism were strongly supportive. 
For example, for the characteristic “Shared visual representations”, responses included: 
we see things differently when its as a picture; I have decided that there are other more 
efficient places to act after I've seen it all up on a causal loop diagram; it helps the 
discussion when you’re all looking at the same picture; having the diagram as 
something neutral to discuss is useful; having something visual is useful. These 
statements have positive descriptors (helpful, useful), and imply causality (we see 
things differently when, I have decided after). 
 
Contrasting the specificity of fit for quotes coded to more than one mechanism was also 
strong supportive of the boundary object mechanism. For example, the statement 
“Having something visual is useful, so everyone can understand it.” was coded to both 
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“Participants’ ability to process information” (modelling as persuasion mechanism) and 
“Shared visual representations” (boundary object mechanism). Though it meets the 
coding criteria for both characteristics, the fit with “Participants’ ability to process 
information” (understanding) was judged less specific than the fit with “shared visual 
representation” (visual, shared). 
 
Quantitative content analysis 
 
The frequency of supporting and opposing statements was used to provide a 
quantitative indication of the fit between each mechanism and participants’ stated 
recollection (Berg and Lune, 2004). There were some supporting quotes for each 
proposed mechanism. The greatest number of responses was for the boundary object 
mechanism, and this was true using either set of characteristics (“boundary objects” or 
“boundary objects – alternative characteristics”, see Table 4.9). The boundary object 
mechanism also had the greatest number of characteristics, but this does not fully 
explain the results, nor does it explain the strong support for alternate characteristics for 
boundary objects (which has only three characteristics). 
 
Table 4.9: Relative levels of support for each mechanism 
Mechanism Operator 
logic 
Systems 
archetypes 
Modelling 
as 
persuasion 
Boundary 
objects 
Boundary 
objects - 
alternative 
Number of 
characteristics 
3 3 4 7 3 
Supporting 
statements 
6 8 7 35 22 
Opposing 
Statements 
0 0 4 1 0 
 
4.6 Discussion 
Mental model literature has moved beyond merely exploring methods for improving 
the adoption of proposed interventions developed through system dynamics, and is now 
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considering how participants are changed by the act of their participation (Thompson, 
2009). This study contributes to our understanding of how that change occurs. 
 
Mental model change and alignment are important outcomes of group model building 
(Huz et al., 1999; Thompson et al., 2009). Mental models are enduring and resistant to 
change (Genter and Stevens, 1983); by changing mental models, group model building 
can causes changes in participants that linger long after the workshop. Individuals with 
shared mental models are more likely to reach compatible conclusions (Cannon-Bowers 
et al., 1993); therefore mental model alignment is useful in encouraging agreement 
between participants. 
 
Since Richardson et al. (1994) lamented the paucity of understanding of how group 
model building affected mental models, there have been several attempts at providing 
explanatory mechanisms. Some focus on the content of the retained knowledge 
(Richardson et al., 1994), others on the skills learned (Richmond, 1993; Maani and 
Maharaj, 2003). More recently, there have been several attempts at understanding how 
participatory and interactive processes impact on mental models – conditions under 
which arguments are persuasive (Vennix et al., 1996; Rouwette et al., 2011) or 
conditions under which trust and agreement may arise (Black and Andersen, 2012). 
 
This paper provides three methods to evaluate each proposed mechanism, within a 
specific context; the logical fit with evidence from the previous study (Scott et al., 
2013), and both the qualitative and quantitative content analysis of participants stated 
recollections of their involvement in a workshop process. The evidence from previous 
studies showed the greatest support for the modelling as persuasion mechanism, but 
also showed good support for the boundary object mechanism. The qualitative and 
quantitative content analysis both showed overwhelming support for the boundary 
object mechanism. Taken together, this study shows that the boundary object 
mechanism is the most consistent with participants’ stated recollection of group model 
building. The following sections describe limitations in this study, and implications of 
the conclusions. 
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 Limitations 
 
It is not possible to study how group model building causes mental model change, 
without first confirming that mental model change has occurred. Mental models are 
difficult to study as they tend not to be discussed (Argyris, 1990; Cannon-Bowers et al., 
1993) and cannot be elicited without distortion (Johnson-Laird, 1995). This paper 
benefits from previous research on the same research subjects, which demonstrated that 
mental models had changed and become more alike (Scott et al., 2013). 
 
There may be limitations in the extent to which the results can be generalised. There are 
considerable difficulties in trying to empirically assess workshop interventions, as 
contextual factors may be important (Shadish et al., 2001). The interviewees all 
described their experiences with the same facilitator, techniques, and host organisation, 
and no control groups were used. Despite the use of commonly-employed tools 
(Sterman, 2000), further research is required to verify these findings in other contexts, 
to determine whether quantitative system dynamics interventions produce similar 
results, and to explore other methods for verifying the proposed explanatory 
mechanisms. In particular, more explicit instruction on archetypes (see, for example, 
Braun, 2002) may potentially have resulted in stronger support for the systems 
archetypes mechanism. Similarly a problem-setting linked more directly to decisions 
under the participants’ control may potentially have resulted in stronger support for the 
operator logic mechanism. 
 
The methods used for analysing the results were not completely objective. The coding 
process used in content analysis is inherently subjective, and individuals may code 
differently (Holsti, 1969). Qualitative analysis relies on the subjective interpretation of 
the researcher (Berg and Lune, 2004) – the relevant text has been included so the reader 
can verify their results. Quantitative analysis makes the assumption that frequency of 
supporting statements correlates with the congruence of that mechanism with 
participants’ stated experience. Despite this method being used frequently in both 
sociology (Berg and Lune, 2004) and psychology (Mehl, 2006), this relationship is 
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imperfect (Berg and Lune, 2004). However, the reliability of comparisons based on 
frequency is believed to increase as the magnitude of variance increases (Berg and 
Lune, 2004). If the coding had returned similar levels of support for different 
mechanisms, interpreting the results using either qualitative or quantitative methods 
would have been challenging. However, the results were strongly supportive of one 
mechanism above the others – we consider it unlikely that another coder would have 
produced results that lead to a different conclusion. 
 
Finally, this study relied on participants’ stated recollections. Individuals typically have 
incomplete insight into their own learning (Doyle, 1997). Individuals may have a 
hindsight bias (Tversky and Kahneman, 1973; Fischoff and Beyth, 1975) that leads 
them to assume that their current view is the one they have always held. Descriptions of 
learning processes suffer from introspection illusion (Wilson, 2002); that is, what 
participants think must have happened, rather than actual recollections. For these 
reasons, we cannot say that the boundary object mechanism is a better description of 
the actual process for mental model change and alignment among these subjects; only 
that it more closely reflects participants’ stated recollection. 
 
Boundary object mechanism as a description of participant experience 
  
As a description of participants’ experience of group model building, the conclusions of 
this study are already useful. Group model building practitioners may wish to use the 
boundary object mechanism to refine how they communicate with clients about what 
the clients may experience during the group model building process. For this purpose, it 
is important to distinguish between the reported mechanism (Figure 4.1), and boundary 
objects more generally. 
 
This study supports the boundary object mechanism, as described by Black and 
Andersen (2012). It should not be mistaken as evaluating any other theory under the 
name “boundary objects”. Another study on participant change in a workshop 
environment also described their proposed mechanism as relating to “boundary 
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objects” (Franco, 2013). Case vignettes were used to link boundary objects to the 
shared language and shared meaning mechanisms: boundary objects overcome 
syntactic boundaries by transferring perspectives between those involved (shared 
language); they overcome semantic boundaries by translating these perspectives 
(shared meaning), and they overcome pragmatic boundaries by transforming 
perspectives (revealing common interests). These additional descriptions may be useful 
in further exploration of boundary objects in group model building, but are neither 
supported nor rejected by the results of this study. 
 
The term “boundary objects” was originally used in ways that are not compatible with 
the mechanism evaluated in this paper. The term “boundary objects” was coined by 
Star and Griesemer (1989) in the context of many-to-many negotiations as a way to 
mediate communication between different social worlds in the science community. Star 
and Griesemer (1989) describe boundary objects as abstract or concrete scientific 
objects that inhabit several intersecting social worlds. Key characteristics are that they 
satisfy the informational requirements of each social world, are plastic to the needs of 
the parties using them, and yet robust enough to maintain a common identity when used 
by different parties. It was intended to apply to multi-site use mediated by gatekeepers 
(“obligatory passage points” – Law, 1987). Others have extended the use of boundary 
objects to visual representations (Henderson 1991, 1998) and project management 
software Sapsed and Salter, 2004), but still intended that it be used to socially organise 
distributed (multi-site) cognition.  
 
These definitions differs slightly from that used by Black and Andersen (2012), who 
describe conditions where visual representations may act as boundary models when 
used in a single-site group setting. Plasticity in a multi-site context works quite 
differently than in a single site-context. In a multi-site context, plasticity allows 
different interpretations at different sites, a kind of intentional ambiguity to facilitate 
consensus. Literature on multi-site boundary objects labours the balance between 
allowing variations in interpretation and maintaining a sufficient common identity to 
what is agreed (Star and Griesemer, 1989; Spee and Jarzabkowski, 2009). In a single 
133	  
site context, the purpose of plasticity is not the ability of the audience to define the 
object differently, but rather the ability of the audience to jointly transform their 
knowledge through participation. Carlile (2002, 2004) considered a range of boundary 
objects including repositories and standardised forms and methods, but concluded that 
only models and maps (visual objects) were effective in allowing transformation by 
participants. 
 
Boundary objects been more broadly referenced in other social science research to 
describe any common constructs between disparate groups (for example; Bechky, 
2003; Ribeiro, 2007; Sundberg, 2007), without providing detailed theory. It is not clear 
if these descriptions are compatible with the mechanism evaluated in this paper. 
 
Due to its association with intentional ambiguity and multi-site use, “boundary objects” 
may not be ideal language to associate with the mechanism by which group model 
building supports mental model change and alignment. “Boundary object mechanism” 
has been used in this paper as shorthand to refer only to the intrapersonal and 
interpersonal processes described by Black and Andersen (2012, see Figure 4.1). 
  
Boundary object mechanism as an explanation of how group model building works 
 
Beyond the narrow conclusions described above, and acknowledging the limitations of 
participant introspection, consideration must be given to whether this study informs our 
understanding of the actual mechanism by which group model building can cause 
mental model change and alignment among participants. For researchers, obtaining 
quality evidence for the cognitive processes of participants is elusive. Though 
imperfect, participants’ stated recollections provide our best hints in the absence of 
other evidence. 
 
There are several potential research areas that may improve our confidence that the 
boundary object mechanism is a good explanation of reality. It appears relatively 
straightforward to design modelling processes that fulfil the criteria of boundary objects 
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(the exogenous variables in Figure 4.1), and processes that do not, and then compare 
the outcomes of the different processes. It is unclear if there is additional marginal 
benefit to the continued increase in satisfying these criteria (for example, whether even 
more easily modifiable objects would produce even better outcomes); this could also be 
an area for future research (and could lead to further refinement of group model 
building tools).   
 
Verifying the remaining elements of the boundary object mechanism seems more 
challenging, particularly evaluating the seven process steps (the feedback loops in 
Figure 4.1). One study has used sequential analysis (and interaction analysis) to explore 
whether discussions of problems precede solutions in group model building (Franco 
and Rouwette, 2011). Sequential analysis may also be a plausible tool for exploring 
whether the loops in the boundary object mechanism are observable and in the 
sequence suggested. 
 
The boundary object mechanism appears more instructive that other descriptions of 
modelling requirements. A similar concept has been described in problem structuring 
method research as “transitional objects” (Eden and Ackerman, 2006; Midgley et al., 
2013). Transitional objects have three conditions: they are a representation that is 
specific to the problem situation; they are amenable to analysis; and they facilitate 
negotiation and agreement. The characteristics of boundary objects are more instructive 
in that they specify what it is about the constructed ojecte (that they are visible, 
represent dependencies and are modifiable by input from every participant) that 
facilitates change. 
 
This study provides indirect evidence of the personal and interpersonal processes that 
take place in group model building. With imperfect tools for understanding changes in 
participants, the best results are likely to be achieved by triangulating results from 
multiple methods (Berg and Lune, 2004). Greater clarity on what group model building 
achieves (and how) will allow better selection of problem settings, and refinement of 
existing group model building tools. 
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Links between Chapter 4 and other parts of this 
thesis, and contribution of Chapter 5 
 
The results of Chapter 4 are considered again in the conclusion, in the context of how 
they inform our overall understanding of what group model building achieves, and how 
this contributes to addressing Research Question 4: “What mechanisms best explain 
mental model change and mental model alignment among participants in group model 
building?” 
Chapter 4 introduced the concept of “boundary objects” as a shared representation of 
dependencies that participants can modify, that build trust and agreement. Group 
model building literature (and indeed this thesis) uses the term “boundary object” in 
two slightly different ways. The “boundary object perspective” (introduced in Chapter 
5) refers to the perception of the model as a social artefact. The “boundary object 
mechanism” (as discussed in Chapter 4) describes the means by which trust and 
achievement are achieved through group model building. 
Chapter 5 asks which group model building outcomes are valued by potential clients. 
This evaluates the importance to clients of all the results identified in previous 
chapters, and aims to answer Research Question 5: “Are the reported outcomes of 
group model building relevant to potential clients’ needs?” 
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Chapter 5 Client perceptions of reported 
outcomes of group model building  
 
(This paper is under consideration for publication as: Scott, R.J., Cavana, R.Y., 
Cameron, D. Client perceptions of reported outcomes of group model building in 
the New Zealand public sector. Group Decision and Negotiation – under review) 
 
Abstract 
System dynamics modellers sometimes involve decision-makers in the modelling 
process, a method known as “group model building”. Group model building has been 
associated with a number of different outcomes, and it is not clear which of these 
outcomes are important to clients. The public sector is a significant audience for group 
model building interventions; this paper reports on what outcomes are most valued by 
potential clients in the New Zealand public sector. 
Four government agencies identified the employees who were most likely to 
commission and conduct group decision processes. These individuals participated in 
detailed semi-structured interviews, and completed a written questionnaire, exploring 
the contexts in which group model building may be useful and the outcomes sought in 
each situation. The results suggest that, even within the public sector, there are a variety 
of different decision contexts for which different outcomes are most important. 
However, public servants generally appear to value trust and agreement over policy 
quality when conducting group-decision processes. Knowledge of the outcomes sought 
by potential clients helps guide the outcomes measured by researchers, and helps 
practitioners to tailor communication messages to clients. 
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5.1 Introduction 
Over almost 40 years, system dynamics practitioners have experimented with involving 
the client in the modelling process (Greenberger et al., 1976). These methods are now 
known as “group model building” (Vennix, 1995, 1996). Group model building 
includes a range of approaches that can be broadly categorised on two axes: the level of 
participation (Kolfschoten and Rouwette, 2006), and the use of quantitative versus 
purely qualitative models (Coyle, 2000). In some group model building interventions, 
models are built by experts with some input from participants, using quantitative 
modelling from the outset (Kolfschoten and Rouwette, 2006). In others, the model is 
built in workshops with or by participants, using qualitative data. In this latter group, 
simulation occurs only at the end of the project (Kolfschoten and Rouwette, 2006), if at 
all (Cavana et al., 2007). 
Group model building practitioners and researchers (employing a range of participative 
approaches) noticed that group model building resulted in changes in the behaviour of 
the individuals and groups that participated. There have now been over a hundred 
published studies reporting on the effectiveness of group model building (Rouwette et 
al., 2002), which note a range of “outcomes”. In the group model building literature, an 
outcome is considered to be a “change in the beliefs, evaluations, intentions and 
behaviours of participants” (Rouwette et al., 2009, p582).  
Group model building interventions are typically conducted by expert practitioners on 
behalf of “clients” (Vennix et al., 1993). While some studies refer to the client as the 
organisation or organisations that hired the group model building practitioner (Vennix, 
1995; Rouwette, 2003; Thompson, 2009), others refer to the individuals that make the 
decision to commission or purchase the practitioners’ services (Andersen et al 1997; 
Eden et al., 2004; Rouwette et al., 2009; Rouwette 2011; Rouwette and Vennix 2011; 
Martinez-Moyano and Richardson, 2013). In the context of this study, clients are 
assumed to be the individuals who make purchasing decisions on the group process 
used. This has some similarities with the “gatekeeper” role described in other papers 
(Richardson and Andersen 1995; Luna-Reyes et al., 2006; Rouwette et al., 2011). This 
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study also distinguishes between clients (who make purchasing decisions) and 
“participants” (who take part in the group process). 
Several recent papers have explored the use of group model building in a New Zealand 
public service context (e.g. Cavana et al., 2007, 2014; Scott et al., 2013, 2014a, 2014b). 
These report 13 outcomes associated with group model building: insight, mental model 
change, enduring mental model change, mental model alignment, enduring mental 
model alignment, communication quality, consensus, commitment to conclusion, 
strategy implementation, power levelling, rating of workshop conclusions by non-
participants, perceptions of workshop conclusions by non-participants, and process 
efficiency. It is not clear if these outcomes are typically important to clients, or of no 
consequence at all.  
Group model building literature suggests that, depending on the situation, specific goals 
may be emphasised and others ignored (Zagonel et al., 2004; Rouwette et al., 2009), 
and implores researchers to be very clear about the goals of an intervention (Andersen 
et al., 1997). However, in many studies it is not clear how the measured outcomes 
relate to the intended outcomes (Vennix et al., 1993; Huz et al., 1997; Vennix and 
Rouwette, 2000; Dwyer and Stave, 2008; Eskinasi et al., 2009; Rouwette et al., 2011).  
Related fields, such as “soft OR”, have featured reports on what their clients typically 
value, and suggest that understanding what outcomes clients value is a critical question 
for researchers and practitioners alike (Eden and Ackermann, 2004). These authors 
described their experiences of interacting with clients, and comment on what they 
believe clients value, but did not present any empirical research. 
An alternate view is that understanding what clients want is part of the client 
engagement process – that each intervention should begin with a detailed and explicit 
discussion with the client on the purpose of the intervention (Martinez-Moyano and 
Richardson, 2013). While this a component of good practice, there are several 
advantages of knowing a priori the outcomes that clients in a particular situation are 
likely to value. First, this information is of interest to group model building researchers, 
in determining which outcomes warrant further attention and focus. Secondly, 
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understanding the outcomes that are likely to be of interest helps practitioners to tailor 
their initial communication with prospective clients. 
There has been an increasing trend within the public service in many countries for 
collaborative decision-making (Ansell and Cash, 2008). As a group-decision support 
system (Andersen et al., 2007), group model building has previously been applied to 
many public policy settings (Mingers and White, 2010). This paper reports on research 
conducted with the New Zealand public servants who are seen by their organisations as 
most likely to commission and conduct group decision-making processes. Through the 
use of semi-structured interviews and a numerical scale questionnaire, they were asked 
which outcomes they consider important. Interviewees were ask to rate the importance 
of outcomes reported in group model building studies with New Zealand public 
servants, and also to suggest other outcomes that were important to them. The 
interviews discussed when and why group-decision processes would be used, and when 
different outcomes were important or unimportant.  
The paper is split into four sections after this introduction. The first reviews the 
outcomes reported in the previous papers related to this topic. The second describes the 
research methods. The third section reports on the results of the interviews and 
questionnaire. And, finally, there is a discussion of what this means for group model 
building research and practice.  
5.2 Group model building outcomes 
Group model building describes a range of qualitative and quantitative system 
dynamics methods that involve the client in the modelling process. The recent New 
Zealand public service case studies cited in this paper all used only qualitative tools 
(Cavana et al., 2007, 2014; Scott et al., 2013, 2014a, 2014b), but similar results have 
been reported using quantitative methods (e.g. Vennix et al., 1993; Huz et al., 1999; 
Rouwette et al., 2011; van Nistelrooij et al., 2012). 
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These case studies evaluated a number of public service group model building 
processes, using three evaluation tools: a survey tool (Scott et al., 2014a), a pre-
test/post-test/delayed-test questionnaire (Scott et al., 2013), and semi structured 
interviews (Scott et al., 2014b). 
 
The survey was based on a popular tool used in several group model building studies 
(Vennix et al., 1993; Vennix and Rouwette, 2000; Rouwette 2011), and was 
administered immediately after participation in a group model building workshop. This 
was used to confirm that participants felt that the process had contributed to increased 
communication quality, insights, consensus and commitment to conclusions. Strategy 
literature reports these outcomes as being predictive of effective strategy 
implementation (Skivington and Daft, 1991; Noble, 1999; Scott et al., 2014a). 
Participants also compared the process to a hypothetical “normal” meeting, and 
believed that group model building was comparatively more effective and more time-
efficient (Scott et al., 2014a).  
The survey also revealed that non-managers rated the presence of an independent 
facilitator as important to their experience of the workshop (Scott et al., 2014a). This 
was related to “power levelling” (van Nistelrooij et al., 2012), where less-powerful 
members are less disadvantaged in their contribution to discussion (in this study, 
positional rank was used as a proxy for power). 
The pre-test/post-test/delayed-test questionnaire collected participants’ 
recommendations for actions to address the problem at hand (Scott et al., 2013). This 
tool was administered immediately before, immediately after, and twelve months 
following participation in a group model building workshop. The results of this 
evaluation demonstrated that participants changed their mind during the workshop, and 
that these decision preferences persisted for at least twelve months. Because of its 
enduring nature, this difference was attributed to mental model change. This tool also 
demonstrated that participants’ views became more alike (Scott et al., 2013). Mental 
model change that resulted in greater similarity between participants’ decision-
preferences was described as mental model alignment. 
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Participants’ new decision-preferences were from two sources – some were persuaded 
by the views of other participants, and others developed new insights from their 
participation in the process. New insights from participating were more enduring that 
those developed through persuasion (Scott et al., 2013). 
Finally, individuals who did not participant in the workshop process did not prefer the 
decisions made in group model building workshops to other decision alternatives (Scott 
et al., 2013). 
Group model building outcomes are believed to occur at four levels: individual; group; 
organisation; and method (Rouwette et al., 2002). The thirteen reported outcomes are 
mapped to these four outcome-levels below:  
• individual: insight, commitment to conclusions, mental model change, enduring 
mental model change; 
• group: mental model alignment, enduring mental model alignment, 
communication quality, consensus, persuasion, power levelling; 
• organisation: rating of workshop conclusions by non-participants, strategy 
implementation; 
• method: efficiency (Scott et al., 2013, 2014a, 2014b). 
In one of the case studies (Scott et al., 2014a), the client was asked to describe their 
desired outcomes for the group model building process. They indicated that they 
wanted to: create among employees a common understanding of their new 
organisational strategy; create agreed implementation actions for the strategy; and 
increase commitment to the strategy. The prevalence of these goals is unknown, both 
compared to other organisations, or even other problem settings (or timing) within the 
same organisation. 
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5.3 Methods 
This study is a mixed methods approach to evaluation research (Blaikie, 1993). 
Primarily qualitative methods were chosen to explore in depth the experiences and 
beliefs of the interviewees (Kvale and Brinkman, 2008), supplemented by a 
quantitative survey to improve the reliability of findings (Blaikie, 1993). The 
interviews included open questions where interviewees identified and discussed the 
outcomes that were important to them, as well as direct questions about the reported 
outcomes being investigated.  
Outcomes investigated 
The previous papers related to this topic reported on 13 outcomes. This study was 
completed before the publication of some of these prior papers, and not all of the 
ultimately reported outcomes were explored directly in the interviews or questionnaire. 
Of the 13 outcomes identified in the previous section, the interviews did not include 
any questions about “process efficiency”, but this outcome was mentioned unprompted 
by several interviewees. The written questionnaire omitted both “process efficiency” 
and “rating of workshop conclusions by non-participants”.  
Interviews 
Each research subject took part in a face-to-face interview following a semi-structured 
format (Kvale and Brinkman, 2008). Each interview consisted of three themes: the 
interviewee’s experiences with group-decision processes; the interviewee’s desired 
outcomes (and when these outcomes might be most applicable); and the interviewee’s 
opinions of the outcomes being investigated. Each of these themes is explored further 
below. 
 
The interviewee was first asked to describe the context of problem-settings in which 
they have used group-decision processes. Follow-up questions further explored the 
tools or processes that were used. This theme was used: to establish the relevance of the 
interviewee as a person who regularly commissions or conducts group-decision 
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processes; to investigate the kinds of problem settings encountered by public servants 
who use these processes; and to discover what tools were being employed. Anchoring 
the interview in discussions of actual experiences is thought to be more reliable method 
of eliciting preferences than discussing hypothetical situations (List and Gallet, 2001; 
Ajzen et al., 2004; Murphy et al., 2005; Harrison and Rutström, 2008). 
The interviewee was then asked which outcomes were important in the experiences 
they had described. In each case, interviewees were asked why these outcomes were 
important, and were asked a follow-up question to determine if any other outcomes 
were also important. This was used to validate later questions: in this theme, the 
interviewee did not know which outcomes interested the researcher, and so the 
opportunity for subject bias (Orne, 1962, where individuals report what they think 
researchers want to hear) was reduced. This was also used to identify outcomes other 
than those being investigated. 
After the interviewee described which outcomes they believed were important, they 
were supplied with each of the 12 outcomes described above, and asked whether this 
outcome was important, when it might be important, and how successful their existing 
processes were in achieving this outcome. This theme was used to evaluate each of the 
reported outcomes in turn. 
The interviews ranged in length between 30 minutes and 1 hour, and were recorded by 
an audio recorder. 
Questionnaire 
A written questionnaire was given to participants at the conclusion of the interview. 
The questionnaire consisted of two parts: demographic questions, and questions on the 
importance of each of the reported outcomes of group model building. Both are 
included in full as Appendix 5. 
The demographic questions concerned parameters described in Table 5.1. Previous 
research had revealed no difference in how participants experienced group model 
building based on age, gender and education, but it was unknown if different 
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demographics valued outcomes differently. Less powerful participants had previously 
rated the importance of an independent facilitator as more important to their experience 
of the process (Scott et al., 2014a); a question on organisational rank was included to 
determine if there was a relationship between client-rank and outcome preference.  
The second part consisted of 7-point numerical scale questions (Cavana et al., 2001). 
The research design was primarily qualitative, because the researcher wanted to 
understand the research subjects’ experiences and beliefs. However, the interview 
questions have not been validated, and so mixed methods were used to improve the 
reliability of the findings (Blaikie, 1993). 
Research subjects were asked to rate each outcome, by circling a number between 1 
and 7, where 1 meant that the outcome was of no importance, and 7 meant that the 
outcome was very important. Eleven outcomes were listed separately. This provides a 
separate measure of the subjects’ views on the different outcomes, similar to the 
qualitative answers in the third interview theme. 
Interviewee Selection 
The researcher approached a number of New Zealand government agencies that have 
responsibility for developing public policy. Of these, four responded: the Ministry for 
Business, Innovation and Employment; the Ministry for Primary Industries; the 
Ministry for the Environment; and the Department of Conservation. 
As discussed below, the research involved a small number of research subjects. 
Consequently, it was important that those chosen were most likely to represent the 
views of potential public sector clients. Hence non-probability judgement sampling 
methods were chosen (Cavana et al., 2001). A gatekeeper (senior executive) at each 
agency selected individuals in their organisation who they believed most-regularly 
commissioned or conducted group-decision processes, to aid work related to public 
policy. The researchers believed that the agencies themselves were best placed to 
identify the most relevant subjects for the study. 
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Research using qualitative interviews ideally concludes when “data saturation” has 
been reached; the point in data collection when no new additional data are found that 
develop aspects of a conceptual category (Guest et al., 2006). Conversely, experimental 
design frequently requires some estimate of the necessary sample size before the 
research has been conducted (Green and Thorogood, 2009). Francis et al. (2010) 
propose two steps for deciding data saturation: first, specify a minimum sample size 
(initial analysis sample); and second, specify how many additional interviews will be 
conducted without new ideas emerging (stopping criteria). The aims of the study, and 
characteristics of the group, influence the likely saturation point (Charmaz, 2006; 
Mason, 2010). Seven criteria have been proposed for determining an appropriate initial 
analysis sample size: 
• the heterogeneity of the population 
• the number of selection criteria 
• the nesting of criteria 
• groups of special interest that require intensive study  
• multiple samples within one study 
• types of data collection methods use 
• the budget and resources available (Richie et al., 2003) 
This study involves a selected, relatively homogenous group (public policy makers, 
managers, people who commission group-decision processes). There are no comparison 
groups, and the methods are primarily qualitative. These factors suggest a relatively 
small group is likely to be sufficient. Two comparable studies reported data saturation 
at 14 and 12 respectively (Francis et al., 2010; Guest et al., 2006). 
There is no established theory on how to determine the number that should be used as 
stopping criteria, but three is commonly used (Francis et al., 2010). On balance, an 
initial sample analysis of 12 and stopping criteria of three was selected as most 
appropriate. After 12 interviews, the final three revealed no significant, new, unique 
information (i.e. data saturation was achieved). Though a robust sample for detailed 
qualitative study, this is a small number on which to make meaningful conclusions on 
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the quantitative survey data – this limitation is explored further in the Discussion 
section. Interviewee demographics are shown in Table 5.1. 
Table 5.1: Interviewee demographics 
Parameter Value 
Number of interviewees 12 
Government agencies represented 4 
Age 
Mean 
Range 
  
44 years 
31-56 years 
Length of employment in public sector 
Mean 
Range 
  
6 years 
1-20 years 
Gender 
Male 
Female 
  
6 
6 
Organisational level 
Director 
Group manager 
Team manager 
Non-manager 
  
2 
3 
1 
6 
Highest qualification 
Postgraduate 
Undergraduate 
Completed secondary 
  
9 
3 
0 
 
Analysis 
The responses to the interview questions were transcribed, then subject to content 
analysis using manual coding (Cavana et al., 2001). The eleven assessed outcomes 
were pre-determined as codes, as these were the main subjects of the study. Any 
additional outcomes mentioned by interviewees were also coded. Other codes were 
emergent (Holsti, 1969; Strauss and Corbin, 1990). The analysis was then constructed 
on the basis of the themes that emerged in the text, illustrated with verbatim responses 
where these were useful in explaining each theme.  
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The rated outcomes were compared using commonly used statistical methods. The 
rated outcomes were compared using commonly used statistical methods. The7-point 
numerical scales used in the questionnaire provide interval data (Cavana et al., 2001). 
A Kolmogorov-Smirnov test was used to confirm normal distribution, which allows the 
use of a Student’s t-test to determine significance (Stephens, 1974). Results for each 
question were compared to a neutral response (a score of 4 on the 1-7 scale), and to the 
overall mean (a score of 5.3 on the 1-7 scale), using a two-tailed t-test (as results could 
vary in either direction – Stephens, 1974). 
5.4 Results 
Each interviewee demonstrated broad experience in commissioning and/or conducting 
group-decision processes, and described multiple situations where group-decision 
processes had been used. This confirmed that the research subjects were well selected 
as potential clients or users of group model building methods. 
The results come from interview and questionnaire responses, and describe the 
importance of different outcomes in different contexts. The results are presented in four 
parts: the contexts, the outcomes, context-specific outcomes, and a statistical analysis 
of the questionnaire results. 
Decision contexts 
Different outcomes were important in different context, but there was strong overlap 
between the decision contexts described by each interviewee, and the outcomes that 
were important in that decision context. These different contexts mostly fell into five 
categories: political decision processes, internal decision processes; interagency 
decision processes, government-stakeholder decision processes, and inter-stakeholder 
decision processes. 
Political decision processes typically involved agencies supporting their Ministers in 
negotiation with their Cabinet colleagues, or with support parties. Though public 
servants supported these group-decision processes by providing information, it was rare 
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that they had any influence over the decision-support process used. These are therefore 
less useful for analysis; as one interviewee noted “We can’t control what they do.” 
Internal decision processes typically involved consensus decisions taken by peer 
groups within an agency. Where there was a disparity in hierarchy, decision tended to 
be taken by higher-ranked employees. These involved decisions on a course of action 
within a policy programme, or prioritisation and resource allocation between policy 
programmes. These were typically convened by a member of that peer group, were 
either chaired by a group member or facilitated by an independent facilitator, and 
required consensus agreement prior to completion – “We were going to be locked in a 
room until we got this sorted.” The exception to this pattern (mentioned by two 
interviewees) was when a group process was convened by a higher-ranked employee, 
and the group’s task was to arrive at a consensus recommendation – “(The Deputy-
Secretary) expects that we can come up with something…without having to bang our 
heads together.” In these situations, the group included people of different rank. 
Interagency decision processes involved employees of different agencies attempting to 
reach consensus agreement on a course of action, or on a joint recommendation to 
Ministers. Again, these were either chaired from within the group, or involved an 
independent facilitator. Where Ministers had demanded a joint recommendation, 
processes were driven to a conclusion, and often involved participants making difficult 
compromises. In contrast, processes to agree on a joint course of action often included 
alternatives to negotiated agreement – agencies could continue to operate separately if a 
satisfactory negotiated agreement could not be found. Partial agreements or progress 
toward agreement were also considered acceptable outcomes “Sometimes it is about 
moving towards consensus, rather than achieving it.” Interagency decision processes 
were seen as becoming more popular, with the creation of several secretariat units just 
to support and facilitate these discussions. 
Government-stakeholder decision processes involved public servants working with 
stakeholders to reach an agreement. Typically public servants would begin the process 
with a tentative proposal, which would serve as the basis for negotiation – “You never 
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turn up with a blank sheet.” Despite typically holding a monopoly or monopsony 
position, public servants were often disadvantaged by political or reputational drivers to 
achieve a negotiated agreement, else the initiative would be considered a failure “There 
are usually win-wins, but they also know you’re not going to walk away.” Alternately, 
where government was contributing funding to a negotiated agreement, it was 
stakeholders who had an incentive to reach agreement or walk away empty handed. 
One example was where government would fund the production of an educational 
programme, if stakeholders and government could agree to the content of that 
programme. 
Inter-stakeholder decision processes involved public servants acting as convenors to 
facilitate agreement between other parties. The aim of these processes was to arrive at 
consensus agreements, such that government did not need to act as a referee between 
competing interests. These processes were seen as increasing in popularity as they 
helped government avoid making contentious decisions, and were believed by 
interviewees to lead to less discord between opposing parties.  
The strong and consistent distinctions between the different group-decision types was 
not anticipated – it may have been more useful to ask interviewees to rank the 
importance of different outcomes in each of these categories, rather than overall. Where 
ratings of outcomes were linked to particular decision contexts, this is mentioned in the 
sections below. 
Results for each outcome 
The responses from each subject showed a high degree of consistency and overlap. 
Three different methods were used to determine which outcomes were most important: 
the second theme of the interviews, where interviewees were asked to describe the 
outcomes that had been important in past situations; the third theme of the interviews, 
where interviewees were asked about the importance of specified outcomes; and the 
written questionnaires, where respondents were asked to rate the importance of 
specified outcomes on a numerical scale. These three methods showed very strong 
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agreement, with a few exceptions noted in relevant paragraphs below, where results 
relating to each outcome are discussed in turn. 
Commitment to conclusions was the highest ranked outcome by the questionnaire 
responses. Interviewees distinguished between finding something acceptable for 
agreement in the meeting (consensus) and being committed to supporting and 
implementing those conclusions. This was more important when the goal was to affect 
change (interagency cooperation, joint action with stakeholders), than when an 
agreement marked the end of the process (providing advice to a Minister or senior 
manager). Three interviewees mentioned that they had previously relied on voting 
methods to reach an agreed conclusion, however there was concern that these methods 
may sometimes lead to low commitment (by those whose preferred conclusions were 
not selected).  
Communication quality was also highly rated by the questionnaire and interview 
responses. Communication quality was seen as “crucial” and “where it all starts.” In 
particular, communication quality was seen as important when working with 
stakeholders who did not have a “shared language” (“engineers and planners don’t 
even speak the same English.”). Communication quality was seen as a pre-requisite for 
“shared understanding” which was seen as the ultimate outcome by one interviewee. 
Consensus was generally rated as important in the questionnaire and interview 
responses. In many cases, coming up with “any agreement” was seen as success. This 
was particularly the case in inter-stakeholder decision processes – public servants were 
keen that participants all agree, even if those same convenors did not see the detail of 
the agreement as ideal. Several responses laboured the distinction between an ideal 
solution and one that all participants found acceptable for agreement. Particularly in 
interagency processes, participants were seen as sophisticated negotiators who would 
trade off different benefits to reach an acceptable agreement (in the absence of viable 
alternatives to a negotiated agreement). Agreement was often achieved around non-
preferred but acceptable options. 
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Mental model change was one of the lower-ranked outcomes from the questionnaire 
responses, but enduring mental model change was one of the highest ranked. Interview 
responses do not fully explain this difference. Mental model change was seen as a 
luxury by some interviewees – the goal was to reach an agreement, not have 
transformative experiences for the participants. Agreements were often seen as 
“incremental” – “we’re not expecting big shifts in how people see the world”. 
Occasionally there is a need for a “step change”, and in those instances a technique for 
supporting mental model change would be desirable, but this applied to a minority of 
circumstances. 
Enduring mental model change was perhaps interpreted by some interviewees as 
enduring agreement with the workshop conclusions; interviewees noted common 
delays between group-decision processes and implementation, and were particularly 
concerned that participants would “go feral” or start “throwing stones” at the 
conclusions that they had previously agreed to – “(somebody) effectively reneging 
would have been a disaster.” 
Mental model alignment was ranked moderately highly by the questionnaire responses. 
However, interviewees often described concepts similar to mental model alignment as 
their most sought-after outcomes. This was particularly true when interviewees were 
asked what outcomes were important to them (without being prompted with possible 
outcomes). Interviewees described “shared understanding”, being “able to understand 
where each other is coming from”, and “seeing things from their point of view” as 
especially important. One interviewees recalled his previous experience as a negotiator: 
“People who are on opposite sides of the table don't have opposite perspectives, they 
have different ways of looking at the same problem”…“What seems a perfectly logical 
conclusion from your starting point, they may come to the opposite conclusion, not 
because they disagree with the logic but because they're coming from a different 
place.” Any tools or techniques that would allow participants to see the world in a more 
compatible way were seen as especially desirable. From these interview responses, it 
might be expected that mental model alignment would have been ranked more highly 
among the questionnaire responses. It is possible but unconfirmed that the language 
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“mental model alignment” was unfamiliar to respondents, and that this led to lower 
rankings than expected. 
Effective strategy implementation was an outcome that did not appear well understood 
by some interviewees, and it was difficult to relate some answers to the questions 
asked. Many group-decision processes did not involve strategy implementation and 
therefore were not applicable. Where this was seen as important, interviewees drew 
distinction between talk and action (“If you don’t actually implement it, then what’s the 
point.”) Applied business research struggles to evaluate system changes (Shadish et al., 
2001), and this is an ongoing research challenge for group model building. 
Opportunities for persuasion were valued by some interviewees. Previous group model 
building research demonstrates that some learning occurs from other participants in the 
workshop, and some represents new ideas from the modelling process (Scott et al., 
2013). Interviewees were asked which of these was more important or should be more 
emphasised. Responses were mixed and closely followed interviewees’ attitudes toward 
the importance of insight in their processes. Those that valued new insights saw 
persuasion toward existing beliefs as a barrier to creation. In contrast, those that valued 
agreement by any means (regardless of the quality of that agreement) saw compelling 
persuasion as a useful means to speed the arrival of agreement. Previous studies 
considering persuasion did not propose how the amount of persuasion or new insight 
could be increased or decreased (Rouwette et al., 2011; Scott et al., 2013). 
Power levelling was a concept that drew polarised responses in both the questionnaire 
and the interviews. Having less powerful members contribute was seen as useful in 
generating insight (“If its about ideas, then you really do want to be in the situation 
where all participants have equal opportunity to contribute.”), and in increasing a sense 
of “engagement and ownership” by those participants. Power-imbalances were 
sometimes seen as a strong barrier to participation – “You can certainly see situations 
where relatively junior people are afraid to talk” and “you just get the loudest voices 
and the ones with the quickest tongues.” Where interviewees used techniques to 
encourage contribution from everyone, they typically involved forcing participants to 
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take turns in offering perspectives – interviewees talked about “going around the room” 
to elicit input individually, or using “snowballing” techniques to aggregate individual 
contributions (Thomas and Carswell, 2000). This is very different to the way group 
model building is thought to create power levelling, through allowing contribution and 
modification of the model through input from all participants (van Nistelrooij et al., 
2012; Black and Andersen, 2012). 
In contrast, power levelling was sometimes seen as counter-productive. Toward the end 
of the group-decision process, “when it comes close to closing the deal”, it was seen as 
sometimes beneficial for those “who don’t have authority…to sit quietly and listen to 
those that do.” Some interviewees thought it represented a more durable outcome 
where those that had more power were more able to influence the content of the 
agreement – “power is power”. Power levelling was overall rated as one of the less 
important outcomes of group-decision processes. 
Insight was seen as useful “at the beginning, to open things up” or when “prototyping”. 
However, in some cases interviewees were more interested in coming up with “any 
agreement”, than whether this agreement contained any new ideas. One positive aspect 
of insight was that in interagency processes, new ideas were not seen as being owned 
by an individual agency, and so therefore were easier for other agencies to agree with. 
Insight was seen as unhelpful when it complicated the parameters of the discussion and 
delayed progress to an agreement – “you don’t want new ideas when you’ve trying to 
nail something down.” Overall, insight was not seen as very important in group-
decision processes, and was the lowest ranked outcome among the questionnaire 
responses. 
Views of non-participants were seen as sometimes very important (and sometimes not 
important). In many cases (particularly where the end goal of the processes was to 
reach an agreement), it was sufficient for only those present to agree, so long as those 
people had authority to do so (“As long as you’ve got the right people in the room”). 
However, in some cases described by interviewees, buy-in by broader constituencies 
was vital. Stakeholders were used as focus groups, with the assumption that if they 
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agreed with a proposal it would likely be acceptable to other stakeholders with similar 
interests. Previous research found that conclusions developed through group model 
building were compelling to those present in the workshop, but not compelling to 
others (Scott et al., 2013). Client acceptance of solutions developed through system 
dynamics modelling is a long-standing challenge (Greenberger et al., 1976). Group 
model building aimed to overcome this challenge by involving clients in the modelling 
process (Vennix, 1996). Where participants have to relay findings to a broader 
constituency, or where participants are assumed to be representative of non-participants 
with similar interests, the problem of compelling communication of system dynamics 
conclusions is resurrected. Further research is needed to develop better ways of 
communicating conclusions from the application of system dynamics methods 
(Sterman, 2000). 
Efficiency was seen as a key parameter (“The biggest concern we have is time.”), 
though participants were not specifically asked to rate its importance. Interviewees 
lamented that group-decision processes take considerably longer than decisions taken 
by individuals (“If you were doing it by yourself, multiply the time by twenty and that’s 
how long it takes with a group”). Group model building participants have previously 
been asked to compare the speed of progress between a group model building 
workshop and a hypothetical “normal meeting” (Vennix et al., 1993; Vennix and 
Rouwette, 2000; Scott et al., 2014a). In these studies, participants believed that group 
model building led to insight, consensus and commitment more quickly than a normal 
meeting. If speed and efficiency are very important to public servants in designing 
group-decision processes, greater care should be taken in evaluating the speed of group 
model building processes compared to other group-decision processes. 
Further working together was suggested by two interviewees as a key outcome of 
group-decision processes. In this way, participants create their own “culture”, 
“cooperation is build incrementally”, and future decisions have a foundation of mutual 
trust and “goodwill”. Previous research has evaluated further use of group model 
building tools by an organisation (Bentham and Visscher, 1994), but not the willingness 
of participants to continue to work together. The boundary object mechanism for 
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understanding group model building outcomes (Black and Andersen, 2012) proposes a 
reinforcing loop where “our progress fuels working together”. Empirical evidence of 
this loop would reassure public servants that use of group model building can be part of 
a process to build ongoing collaborative relationships. 
Willingness to endorse was mentioned by two interviewees. This related to the 
inclination to publically uphold the conclusions of the decision process, and referred to 
situations where government was co-developing a product or programme in partnership 
with key stakeholders. The interviewees wanted endorsement from the group decision 
participants, to prevent later reputational risk to the credibility of the programme. One 
popular group model building research tool (the “CICC” questionnaire – Vennix et al., 
1993) includes a question on willingness to endorse: “I will uphold the 
conclusions/findings of these meetings in front of other members of my organisation.” 
(personal communication, Etienne Rouwette, 2011). If this outcome is important to 
some clients, it may be useful to report specifically on willingness to endorse in future 
research. 
Several other outcomes were mentioned by a single interviewee only. One described a 
desire for a technique to overcome participants’ attachment to individual words and to 
focus more on the content and meaning of the agreement – attachment to individual 
words was seen as a barrier and delay to reaching agreement. This cannot be directly 
related to reported outcomes of group model building. Modelling (as a visual language) 
may act to interrupt any fixation on textual editing. Conversely, the act of defining 
variables may provide a new opportunity for language preferences to form a barrier to 
agreement.  
One interviewee described the need for participant disclosure – “we want people to put 
their cards on the table.” In the group model building process discussed in Scott et al. 
(2013), participants literally put their cards on the table – writing the variables they 
believed were important on post-it notes, and sharing those with the group. One group 
model building study investigates the extent to which unique information (information 
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only known to one person) is communicated within the group, and the extent to which 
participants use information received (McCardle-Keurentjes et al., 2008).  
Another interviewee described the need for a shortcut to reaching agreement between 
several choices where none is obviously better. “If you've got three (options) and none 
is patently better than the others, then pick one.” This arbitrary decision-making was 
seen as sometimes stalling otherwise-successful projects when near completion. It is 
unclear how group model building could be useful at this stage – applying a system 
dynamics perspective at this time may challenge several underlying assumptions and 
re-open a process that was reaching its conclusion. 
Finally, one interviewee believed that it was important to ensure that no important 
factors or risks had been omitted from discussion (“How do you check you’ve got all 
the important stuff?”) System dynamics practitioners may believe that their methods 
are more comprehensive or holistic; however this is difficult to measure empirically.  
There was limited focus on policy quality, except indirectly (as inferred through the 
interest in insight, power levelling, and completeness). 
Outcomes in different contexts 
Interviewees were asked to describe the kinds of group decisions that they commission 
and/or conduct. As described above, a careful reading of the transcripts identified 5 
decision contexts, and 19 outcomes. The text was then re-analysed to relate each 
outcome discussed to one of these decision contexts. Interviewees often described 
outcomes as either very important or unimportant within a particular decision context  
(see Table 5.2), and there was considerable variation between the contexts. As each 
interviewee described a range of examples, it is not possible to relate the contexts 
described in the interviews to the questionnaire findings.  
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Table 5.2: Important and unimportant outcomes for different group-decision contexts, 
Decision context Important outcomes (most important 
first) 
Unimportant outcomes 
(most unimportant first) 
Political decisions ------  Out of scope  ------ 
Internal decisions 
 
Consensus, insight, commitment to 
conclusions, power levelling 
None mentioned 
Interagency 
decisions 
Mental model alignment, further 
working together, consensus 
Power levelling, insight 
Government-
stakeholder 
decisions 
Efficiency, commitment to 
conclusions, enduring agreement, 
willingness to endorse, consensus 
None mentioned 
Inter-stakeholder 
decisions 
Communication quality, enduring 
agreement, mental model alignment, 
efficiency 
Insight, views of non-
participants 
 
Statistical analysis of questionnaire results 
The written questionnaire was primarily used to verify the conclusions of the 
interviews, as explored in the discussion of each outcome above. However, a 
comparative analysis of the questionnaire results revealed some interesting findings. 
All of the outcomes assessed were rated as equal or more important than the neutral 
response (a score of 4 on the 1-7 scale), and some significantly more important (Table 
5.3). This suggests that all outcomes assessed were viewed as somewhat important, and 
several were viewed as very important. There was a wide range of responses – only 
“communication quality” and “commitment to conclusions” were always rated at 5 or 
higher. 
Outcomes were then compared against each other. Some outcomes were viewed as 
more important than others. “Communication quality” and “commitment to 
conclusions” were both viewed as significantly more important than the other 
outcomes, and “insight” and “power levelling” were viewed as significantly less 
important. Significance was determined by comparing scores for that outcome with the 
overall mean score (see methodology). 
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Table 5.3: Ratings of the importance of each outcome, relative to a neutral and mean 
responses (n=12)  
Outcome Mean  Range Standard 
deviation 
Difference from 
neutral score (1) 
Difference from 
overall mean (2) 
Commitment to 
conclusions 
6.3 5-7 0.78 +2.3** +1.0** 
Communication 
quality 
6.0 5-7 0.74 +2.0** +0.7** 
Consensus 6.0 4-7 0.95 +2.0** +0.7* 
Enduring mental 
model change 
6.0 4-7 1.04 +2.0** +0.7* 
Mental model 
alignment 
5.8 4-7 1.03 +1.8** +0.6 
Effective strategy 
implementation 
5.7 3-7 1.30 +1.7** +0.4 
Enduring 
alignment 
5.3 4-7 0.98 +1.3** +0.1 
Mental model 
change 
4.4 3-7 1.31 +0.4 -0.9* 
Opportunities for 
persuasion 
4.3 2-7 1.71 +0.3 -1.0* 
Power levelling 4.2 2-6 1.11 +0.2 -1.1** 
Insight 4.0 2-6 1.35 +0.0 -1.3** 
(1) “neutral score” is a score of 4 on a 1-7 numerical scale 
(2) overall mean = 5.3 
** p < 0.01 
*p < 0.05 
 
The questionnaire results were also analysed to compare the responses of managers 
(n=6) and non-managers (n=6), to explore whether these different groups value 
outcomes differently. There was no significant difference in the overall mean for each 
group (managers overall mean = 5.4, non-managers overall mean = 5.2). The greatest 
difference between their ratings of individual outcomes was in the importance of 
opportunities for persuasion; this was ranked higher by managers than non-managers 
(5.0 to 3.5), but this was not significant (p>0.05). The researchers had considered that 
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non-managers might place a higher value on power levelling, as they themselves had 
less institutional power, but there was no significant difference between managers and 
non-managers (4.3 to 4.0, p>0.05). 
Results were also compared between interviewees who had been in the public service 
for 5 years or fewer (n=6) versus those who had been in the public service for longer (5 
years or more, n=6). It had been considered that the outcomes valued by public servants 
might vary through their careers. There was no significant difference in the overall 
mean for each group (5.4 for those in the first 5 years, 5.2 for interviewees who had 
been in the public service for five years or longer, p>0.05). However, experienced 
public servants were significantly more likely to value mental model alignment as a 
very important outcome (6.7 to 5.0, p<0.05). In the interviews, more experienced public 
servants described “shared understanding” (possibly equivalent to mental model 
alignment) as critically important in group decision-making. 
5.5 Discussion 
This study has several important limitations, and caution should be taken in 
extrapolating results to other situations. The results are likely to be most relevant for 
the public sector, which could be a growing market for group model building 
interventions. For some outcomes that were viewed as important, there is little evidence 
on which to determine whether group model building is relevant, and these are 
potentially important research gaps. Finally, what clients want from group-decision 
processes has important implications for how we conceive of group model building as a 
service. Each of these topics is explored further below. 
Limitations 
This study investigated the stated beliefs of a small number of New Zealand public 
servants, to determine what outcomes they value as important in group decision-
making. These were then related to recently reported outcomes of group model 
building. 
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The individuals were selected by their agencies as those who most-regularly 
commission or conduct group-decision processes, and so are likely to be the most 
relevant subjects for understanding potential group model building clients in the New 
Zealand public sector. Twelve individuals were interviewed. For detailed qualitative 
research, this number proved sufficient to achieve data saturation. For quantitative 
research, however, the sample size is small. The quantitative data was primarily used to 
validate the results obtained by the interviews, and should be used with caution as 
stand-alone measures that are representative of any broader group. 
This study relies on individuals’ own stated preference for different outcomes. It is 
possible that these do not represent individuals’ actual preferences, though it is not 
obvious why individuals’ would (for example) choose to downplay their interest in 
improving decision-quality through insight. It may be preferable to explored potential 
clients’ revealed preferences (Samuelson, 1938), rather than stated preferences, but 
collecting this data would be more challenging.  
The framing of the interview as relating to “group decisions” may have led 
interviewees to focus on interpersonal (group) aspects. Perhaps asking instead about 
(for example) “solving complex problems” would have revealed greater preference for 
decision-quality rather than group agreement. Different outcomes are likely to be 
important in different settings, however group participation is one of the defining 
aspects of group model building so framing the possible problems as “group decisions” 
did not seem inappropriate. 
This study provides insights into the outcomes that are important to New Zealand 
public servants in commissioning and conduction group-decision processes. The results 
are consistent with international trends toward interagency and inter-stakeholder group 
decisions (Newman, 2004, and as explored further below), but it has not been 
demonstrated that these client-beliefs apply to other countries. Preferences in the 
private sector may vary from those in the study due to the different incentives of the 
commercial environment. Nonetheless, this study supports recent group model building 
research as applicable to potential-clients’ interests.  
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A growing market? 
Many problems faced by public sector organisations are highly complex, with multiple 
actors, multiple stakeholders, and conflicting outcomes (White 2003). This makes 
public policy questions obvious targets for the problem-solving and problem-
structuring applications of system dynamics (Rose and Haynes 1999).  
Two trends appear to be increasing the use of group-decision processes in the public 
sector. Instances of failed policy on issues that span organisational boundaries has 
driven demand for greater connectivity between agencies (Treisman, 2007) – in New 
Zealand this has manifest in calls for greater interagency coordination by the “Better 
Public Service” initiative (State Services Commission, 2011). Decisions based on 
consensus between stakeholders are thought to be more enduring than those arbitrated 
by government decision, leading to increased use of collaborative governance 
(Newman et al., 2004; Ansell and Cash, 2008; Emerson et al., 2012) – in New Zealand 
this is being trialled through the consensus-based “Land and Water Forum” (Eppel, 
2013). This growing field lacks agreed and accepted methods for supporting group 
decision-making (Kim, 2008; Plottu and Plottu, 2011; Eden and Ackermann, 2013). 
The opportunity for group model building in the public sector appears large and 
expanding (Bayley and French, 2008). 
Implications 
To determine the potential of group model building to fill this opportunity, it is 
important to develop a sound empirical basis for the use and selection of group model 
building techniques. This empirical base should relate to the outcomes that potential 
clients are looking for. 
The results of this study suggest that, in most settings, public servants are primarily 
interested in efficiently reaching an agreement between participants (consensus). 
Participants should be willing to publically endorse these agreements, and to act on 
them when appropriate (commitment to conclusions). These are areas where there is 
strong evidence to support group model building as effective (Vennix et al., 1993; Huz, 
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1999; Vennix and Rouwette, 2000; Dwyer and Stave, 2008; Eskinasi et al., 2009; 
Rouwette, 2011; Scott et al., 2014a). 
It is important that these agreements last. Government can move slowly, and 
commitment to these agreements must persist until the agreement can be put into 
action. While some group model building research evaluates enduring mental model 
change and alignment (Huz, 1999; Scott et al., 2013), further research is needed to 
evaluate enduring agreement and the durability of commitment. It may be difficulty to 
evaluate these outcomes due to problems of attribution (Rohrbaugh, 1987; McCartt and 
Rohrbaugh, 1989, 1995; Shadish et al., 2001). 
Public servants are also interested in several outcomes for which the evidence is more 
limited. They are concerned by the speed it takes to reach a decision, for which group 
model building literature can provide only indirect evidence (participants making 
comparisons to hypothetical meetings, Vennix et al., 1993; Vennix and Rouwette, 
2000; Scott et al., 2014a). They are also interested in building trust and goodwill 
between participants, that in turn fuels future cooperation, an area that requires 
evaluation in group model building literature. 
The lukewarm attitudes to achieving new insights were somewhat surprising, as was 
the general lack of interest in policy quality. Interviewees often seemed so focussed on 
reaching any agreement, that policy quality seemed a lesser concern. This is likely to be 
important as group model building practitioners think about how to describe the 
potential benefits of their techniques to potential customers. 
Despite broad variance across different decision contexts, the results of this study 
showed generally strong support for interpersonal outcomes relating to trust and 
agreement, and generally less support for outcomes relating to policy quality. A similar 
distinction is evident in two contrasting perspectives of group model building sessions 
(Andersen et al., 2007). One perspective considers the model as an allegedly realistic 
representation of the external policy environment (“micro world” – Zagonel, 2002; 
“virtual world” – Sterman, 2004). The second perspective considers the model as a 
socially constructed artefact for building trust and agreement (“boundary object” – 
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Zagonel 2002; Black and Andersen 2012; Black 2013; Franco, 2013; Scott, 2014c; 
“transitional object” – Eden and Ackermann, 2006). This study suggests that, in group-
decision processes in the public sector, the “boundary object” perspective may be most 
applicable. 
In conclusion, this study demonstrates that even within the public sector there exists a 
broad range of different group-decision contexts with different aims. In general, the 
research subjects preferred consensus and commitment to cognitive change, which 
suggests the boundary object perspective of group model building is more relevant to 
their needs. Most outcomes reported in group model building literature are valued by 
potential clients, but more research is required to compare the process efficiency of 
group model building with other methods. 
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Chapter 6 Conclusions 
  
(Section 6.4 in this chapter is under consideration for publication as: Scott, R.J., 
Cavana, R.Y., Cameron, D. 2014. What do we know about group model 
building? European Journal of Operational Research – revised, resubmitted. It 
has been modified slightly to align more closely with the logical sequencing of 
this chapter.) 
 
This thesis aims to improve our understanding of what group model building methods 
achieve, and why. This will allow these methods to be targeted to the applications 
where they can achieve the greatest benefit, and guides further research into how group 
model building methods and tools can be refined.  
This chapter is arranged in five parts after this introduction. The first section examines 
the extent to which the thesis answers the five research questions, and provides an 
overview of the limitations to this research. These limitations are discussed in much 
greater detail in each chapter. The second section reflects on the research problem, and 
describes the empirical, theoretical and methodological contributions to knowledge. 
The third section outlines a number of areas for further research raised by this thesis. 
The fourth section locates the contribution of this thesis in a wider context, and is under 
consideration as a separate journal article. It considers all the empirical research on 
group model building, including the contributions from earlier chapters of the thesis. It 
explores what we know and what we still don’t know, and outlines a possible research 
agenda for group model building evaluation. In the final section, summary remarks 
integrate the diverse theory considered in this thesis into a short narrative, describing 
the boundary object perspective of group model building as a socially constructed 
artefact for creating enduring mental model alignment. 
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6.1 Review of research questions  
While group model building and its effects have been subject to increased attention in 
recent years (Rouwette et al., 2011a), there are still several important research 
questions to be answered, of which this thesis addresses five: 
RQ1 How can group model building affect intention to implement strategy? 
RQ2 How enduring are group model building outcomes? 
RQ3 Can group model building support mental model change and mental model 
alignment among participants? 
RQ4 What mechanisms best explain mental model change and mental model 
alignment among participants in group model building? 
RQ5 Are the reported outcomes of group model building relevant to potential clients’ 
needs? 
The contribution of this thesis to each of these research questions is discussed further 
below. 
RQ1: How can group model building affect intention to implement strategy? 
There are several interpersonal factors that predict effective strategy implementation, 
including communication quality, opportunities for insight, consensus and commitment 
to conclusions (Noble, 1999). A simple observational study demonstrated that these 
effects can be achieved through group model building workshops in a strategy 
implementation context, and that participants believed that these effects were generated 
more quickly and more effectively than through a hypothetical normal meeting 
(Chapter 2).  
In this context, group model building may take advantage of several cognitive biases 
that support consensus and commitment to conclusions. These include the handover of 
the strategy in a partially assembled state (Mochon et al., 2012), the apparently 
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complex nature of the causal loop diagrams created (Thompson and Norton, 2011), and 
therefore the opportunity for participants to demonstrate competence in new and 
apparently complicated tasks (Franke et al., 2010). The demonstration of competence is 
thought to result in positive affect for the object studied (Bandura, 1977).  
This research intended to follow an organisation as it implemented a major new 
strategy. However, unanticipated organisational change made the original research 
design inappropriate. The results of the initial workshop demonstrate an intention to 
implement the strategy (and the success factors observed are thought to be predictive of 
implementation effectiveness – Skivington and Daft, 1991), and form a promising but 
incomplete picture of group model building in a strategy implementation context. 
RQ 2: How enduring are group model building outcomes? 
Through asking participants to complete a task immediately before, immediately after, 
and one year following a group model building intervention, this research was able to 
demonstrate that changes from even short interventions can be enduring over at least 
one year (Chapter 3). This is a major step and unique contribution to exploring and 
understanding the lasting effects of short systems-based interventions (Doyle and Ford, 
1998). 
The evaluation method requires low time-commitment by both the researcher and the 
participants – the completion of a single written question on three occasions. This 
method does not rely on participants’ recollections or descriptions of their own 
cognitive processes and is therefore likely to provide more objective evidence of 
change than other tools used in the field (Doyle and Ford, 1998). This method should 
therefore become a commonly used element of the group model building evaluation 
toolkit. 
RQ3: Can group model building support mental model change and mental model 
alignment? 
Several authors have suggested mental model refinement as an outcome of group model 
building (Thompson, 2009). By confirming that participants in group model building 
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workshops alter their decisions preferences for at least one year, this study suggests that 
deep and enduring structures within a participants’ world-view are affected by their 
participation in group model building processes (Chapter 3). Other research on mental 
model change in group model building has relied on post-workshop evaluations of 
temporary change in decision preferences (which may not represent mental model 
change – Doyle and Ford, 1998), collected data through complex reflective tools that 
may exert a confounding effect (Christensen, 2007), or inferred changes from iterations 
of a system dynamics model (Schaffernicht and Grösser, 2011). This research helps 
close an important gap in the long-asserted link between system dynamics and mental 
model change (Forrester, 1961). 
“Mental model refinement” is a language that is commonly used in the group model 
building community (Rouwette et al., 2002). However, the evidence only suggests that 
mental models have been altered, not that they have been refined (indeed, without some 
normative framework for evaluating mental model suitability, it is not possible to say 
that change is positive). The term “Mental model refinement” reflects the attitudes and 
beliefs of researchers – that group model building results in a more nuanced, complex, 
and/or holistic understanding of the problem, and therefore any changed mental models 
must be a better reflection of reality (refinement). This is a theoretical and not empirical 
position (and some research has even cast doubt on the ability of individuals to 
internalize complex models, suggesting instead that participants replace simple means-
ends associations with new ones – see design logic versus operator logic in Richardson 
et al., 1994). Evidence of mental model change should not be used to suggest that these 
changes models are more refined. 
This research also demonstrated that mental models become more aligned, and that this 
also persists for at least one year. Individuals with similar mental models are more 
likely to reach agreement (Cannon-Bowers et al., 1993). This suggests that individuals 
who participate in group model building workshops together will likely continue to find 
it easier to reach agreement with each other long after the workshop. This is 
particularly relevant for group decision processes where the same group has to continue 
to work together and reach multiple points of agreement over time (interviews with 
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potential clients shows this to be a common objective). 
A participant’s appreciation for an intervention typically has no correlation with 
individual-level outcomes (Alliger and Janak, 1989). However, in this study, 
participants’ retention of changed decision-preferences was found to vary with that 
participant’s responses to the CICC questionnaire. This suggests that, in the case of 
group model building, participants’ appreciation of an intervention may predict their 
level of mental model change. This may retrospectively increase the validity of the 
many previous group model building studies that have relied on post-workshop 
questionnaire evaluation (e.g. Akkermans et al., 1993; Vennix et al., 1993; Vennix and 
Rouwette, 2000; Mooy et al., 2001; Dwyer and Stave, 2008; Eskinasi et al., 2009; 
Rouwette, 2011). 
RQ4: What mechanisms best explain mental model change and mental model alignment 
among participants in group model building? 
Cognitive processes are notoriously resistant to examination and cannot be elicited 
without distortion (Gentner and Stevens, 1983). Because of this, we are left to infer the 
underlying processes by a number of mechanisms, none of which are ideal. 
Participant recollections are therefore only an indirect source for understanding 
mechanisms for mental model change (Doyle and Ford, 1998). However, in the absence 
of other more reliable methods, they provide some evidence with which to assess 
different proposed mechanisms for mental model change. The comparison of a range of 
proposed mechanisms suggested that the boundary object mechanism developed by 
Black and Andersen (2012) is closely aligned to participants’ stated experience of 
group model building (Chapter 4). This is the first direct comparison of proposed 
mechanisms in group model building literature, and makes a unique contribution to our 
understanding of why group model building can be effective. 
Exploring participants’ experience of the process has another (more direct) benefit, in 
that understanding how participants describe their experience is useful for practitioners 
in designing their communication to clients explaining what the methods achieve. 
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Interestingly, the boundary object mechanism emphasises participant trust and 
agreement as the key to group model building success (Black and Andersen, 2012), 
rather than the ability of system dynamics methods to produce superior policies 
(Forrester, 1961). 
RQ5: Are the reported outcomes of group model building relevant to potential clients’ 
needs? 
Many group model building studies focus on public policy settings (Mingers and 
White, 2010). Public servants frequently conduct processes for making group decisions, 
and these processes are increasing in frequency and importance (Emerson et al., 2012; 
Eppel, 2013). 
Semi-structured interviews with public servants who commission and conduct group-
decision processes reveal that they place a high value upon most of the outcomes 
reported for group model building (Chapter 5). There was a (perhaps surprising) 
cynicism from those interviewed – their focus was on rapidly reaching (any) 
agreement, rather than on the quality of the decisions made. 
This unique study reveals an opportunity for the group model building community. It is 
difficult to demonstrate that group model building produces decisions that are 
objectively “good”, but there is good evidence that group model building is a useful 
tool for building consensus between participants (Rouwette et al., 2002). Participants in 
the workshop study (Chapter 2) believe that agreement is achieved more effectively and 
more rapidly through group model building than a hypothetical normal meeting. 
6.2  Review of research problem  
This thesis explores the research problem:  
Group model building workshops are believed to affect cognitive processes and 
behaviour of participants. There is currently a lack of understanding of the nature 
of these changes, their persistence, their importance to clients, and their causative 
mechanism.  
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Each component part of this statement is discussed below, followed by a summary of 
the contribution of this thesis to empirical, theoretical and methodological aspects of 
group model building knowledge. 
The nature of changes 
This thesis clarifies the nature of cognitive and behavioural changes in group model 
building. This thesis provides unique evidence that participants in group model building 
workshops changed their mental models, and these mental models became more alike 
with those of other participants. This thesis also reinforces previous research that found 
that participants believed that the workshops increased communication quality, insight, 
consensus and commitment to conclusions. The use of mixed methods increases the 
rigour of these conclusions. 
The persistence of changes 
This thesis demonstrates the persistence of these changes. Mental model change and 
mental model alignment were demonstrated to persist for at least 12 months after 
participation in group model building workshops. Several experimental controls were 
used to increase the validity of this interpretation. 
The importance of changes to potential clients 
This thesis explores the importance of these changes to potential clients. Public 
servants who commission and conduct group decision processes value consensus (to 
reach immediate agreement), and mental model alignment (to support future 
agreements), which are demonstrated outcomes of group model building. They also 
value decision speed, and more work is required to compare the time taken to make 
consensus decisions through group model building versus other methods. The use of 
mixed methods meant that results could be obtained through both quantitative and 
qualitative means. 
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The causative mechanisms of these changes 
This thesis investigates the causative mechanism for cognitive processes and behaviour 
of group model building participants. There is a possibly theoretical basis to suggests 
that group model building interventions could support a range of cognitive biases that 
predispose participants toward agreement, though this remains untested (Chapter 2 
proposes further research that could test thesis hypotheses). Then, the model itself 
appears to act as a boundary object (Black and Andersen, 2012) to share and jointly 
transform participants’ knowledge. The boundary object mechanism was shown to be 
more consistent with participants’ experience of group model building than other 
proposed mechanisms. These results were limited by participants’ own introspection, 
but the analysis and interpretation of results was improved by the mixed use of 
qualitative and quantitative analytical tools. 
Summary of research contribution 
In addressing the research problem, this thesis makes empirical, theoretical and 
methodological contributions to group model building knowledge, in approximately 
equal measure.  
The empirical contributions measure the experiences, outcomes, and value of group 
model building.  
Participants’ experience of the modelling process was used for the first time to compare 
different proposed mechanisms for mental model change (Chapter 4).  
Several new outcomes were evaluated – enduring mental model change, enduring 
mental model alignment, and the relative contributions to mental model change from 
mutual persuasion and new insights (Chapter 3). Other findings were confirmed and 
extended to new areas (qualitative group model building in a strategy implementation 
context): communication quality; insight; consensus; commitment to conclusions; 
process efficiency; and the impact of demographic factors on participant experience 
(Chapter 2).  
182	  
This thesis provides the first explicit measure of group model building value by 
comparing reported outcomes with the goals of a target audience (Chapter 5). 
The theoretical contributions advanced our understanding of how group model 
building works, what it achieves, and identifies new areas where it should be used.  
The thesis deepens our understanding of how modelling as persuasion, and the 
boundary object mechanism affect group model building participants (Chapters 3 and 4 
respectively).  Cognitive bias is proposed as an additional theory, but this has not been 
tested (Chapter 2). 
What group model building achieves is demonstrated through a range of research 
approaches: observational, pre-test/post-test, longitudinal (Chapters 2 and 3). These 
findings are subsequently considered alongside all published evidence for group model 
building, to provide a comprehensive view of reported outcomes (Chapter 6).  
Implementation has previously been identified as a new area for applying group model 
building (Sterman, 2000; Snabe and Größler, 2006; Strohhecker and Größler, 2012). 
This thesis provides new theory to explain this applicability. An extensive review of 
strategy implementation literature revealed a range of interpersonal factors that predict 
effective strategy implementation, and these were related to group model building 
practice (Chapter 2). 
The methodological contributions validated existing research tools, applied them to 
new contexts, and developed promising new tools.   
The most commonly used existing research tool in group model building research is the 
CICC questionnaire (Vennix et al., 1993), though this was of previously unknown 
validity as a measure of what actually occurred in a workshop. Individual results from 
this questionnaire were compared to long-term learning outcomes, and were shown to 
have predictive value, which retrospectively adds some validation to the many prior 
uses of the CICC questionnaire (e.g. Akkermans et al., 1993; Vennix et al., 1993; 
Vennix and Rouwette, 2000; Mooy et al., 2001; Dwyer and Stave, 2008; Eskinasi et al., 
2009; Rouwette, 2011).  
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Existing tools were applied to new contexts: interviews and content analysis were used 
to compare learning mechanisms and to discover the objectives of potential group 
model building clients.  
Finally, new tools were developed and tested. Although several other studies have 
elicited decision preferences within a pre-test/post-test research design to evaluate 
participant change (Huz, 1999; Eskinasi et al., 2009; Rouwette et al., 2011), the 
“action-list” “rated preference” and “control ratings” methods extend both the breadth 
and reliability of findings from this approach. These research tools are easy to 
administer, and do not rely on participants’ stated recollection of their cognitive 
change. 
.6.3 Suggestions for further research 
Taken collectively, this research increases the understanding of the cognitive processes 
and behaviour of participants in group model building workshops: the nature of these 
changes, their persistence, their importance to clients, and the causative mechanism for 
the changes. The combined challenges associated with applied business research 
(Shadish et al., 2001), small group research (Guest et al., 2006), and mental model 
research (Gentner and Stevens, 1983), mean that this research advances our 
understanding but does not provide definitive answers to the problems above. This 
section describes seven opportunities for further research that would offer yet greater 
clarity to the research problem: 
1 Long-term studies on group model building and strategy implementation 
2 Control groups and direct comparisons to other methods 
3 Exploring the relative effectiveness of different group model building scripts 
4 Manipulating cognitive biases 
5 Power levelling 
6 Sequential analysis 
7 Context specific outcomes 
Each of these research areas is explored in more detail in the relevant chapters, but is 
summarised below.  
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Long-term studies on group model building and strategy implementation 
This research provides a promising beginning to exploring how group model building 
can support the interpersonal success factors that support effective strategy 
implementation, however the picture remains incomplete. Group model building 
literature would benefit from robust long-term evaluation of a group model building 
intervention to support strategy implementation, to augment the short-term findings in 
this thesis. Field experiments may be useful for comparing group model building to 
other methods (Cook and Campbell, 1979), while action research may be useful 
understanding implementation challenges and opportunities (Greenwood and Levin, 
1998). Implementation has previously been identified as an important research gap 
(Sterman, 2000). 
Control groups and direct comparisons to other methods 
The CICC questionnaire (Chapter 2) asks participants to compare results from their 
group model building workshop to a hypothetical “normal” meeting. This provides 
some measure of comparison, however a side-by-side comparison would be useful 
(Shadish et al., 2001). There are obvious challenges to this kind of research – previous 
attempts at direct comparisons have either used student groups that may lack external 
validity (McCardle-Keurentjes et al., 2009) or compare organisations that may not be 
similar or comparable (Huz, 1999; Dwyer and Stave, 2008). Nonetheless, more 
research with comparison or control groups would be beneficial (Andersen et al., 1997) 
– without it, we can say that group model building supports several outcomes, but not 
that it does so “better” than another method. 
Exploring different group model building scripts 
Chapters 2, 3 and 4 of this thesis concern four groups in a single organisation, 
completing participant-led modelling using qualitative tools and with a single 
facilitator. These were used to evaluate several outcomes and explanatory mechanisms. 
The transferability of these results is not clear (Shadish et al., 2001). Greater clarity 
could be achieved by replicating the experiments with a different facilitator, different 
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topics, and/or a different host organisation. Similarly it would be useful to compare the 
findings to other group model building approaches – shorter or longer interventions 
(McCartt and Rohrbaugh, 1995), quantitative interventions (Vennix et al., 1993), 
expert-led modelling (Andersen et al., 1997), or workshop methods that make greater 
use of system archetypes (Braun, 2002). This information would then allow 
practitioners to refine and select between methods. 
Manipulating cognitive biases 
The cognitive biases described in Chapter 2 should theoretically be able to be 
manipulated individually. Controlled comparisons could be conducted in which (for 
example) tactile interaction or apparent task complexity was increased or decreased. 
This would help to validate the existence of the theorised biases, and to refine 
workshop scripts (Hovmand et al., 2012) to achieve desired outcomes. 
Power levelling 
The evaluation used in Chapter 2 also revealed that less-powerful participants rate the 
presence of a facilitator more highly, but do not rate more highly the process overall. 
Nonetheless, this suggests that less-powerful participants experience the process 
differently to more-powerful participants. One pilot study has been conducted using 
interaction analysis to explore whether group model building results in more 
communication between different power-levels (compared to a normal meeting, van 
Nistelrooij et al., 2012). Further research is needed to understand the consequences of 
power levelling. 
Sequential analysis 
Chapter 5 reports that participants’ stated experience of group model building closely 
resembles the boundary object mechanism identified by Black and Andersen (2012), 
however, individuals have incomplete insight into their own cognitive processes 
(Wilson, 2002). It may be useful to further explore the boundary object mechanism 
using methods that do not rely on participant recollection. One study has used 
sequential analysis (and interaction analysis) to explore whether discussions of 
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problems precede solutions in group model building (Franco and Rouwette, 2011). 
Sequential analysis appears to be a plausible tool for exploring whether the loops in the 
boundary object mechanism are observable and in the sequence suggested. 
Context specific outcomes 
The public servants interviewed in Chapter 5 displayed significant divergence in their 
answers. This seemed to correspond to the different parties present in the group-
decision process. For example, interagency processes appeared to require different 
outcomes to intra-agency processes. It may be useful to explore perceptions of the 
importance of different outcomes specific to each group-decision-type, to achieve 
greater clarity in our understanding of what outcomes are important. It may also be 
useful to explore any difference between outcomes valued by public servants and those 
in the private sector. 
6.4 The evidence base for group model building 
 
The previous section considers the new research opportunities that arise specifically 
from this thesis. However, this thesis is part of a broader field of study relating to group 
model building evaluation. This field has been altered by the contribution of this thesis 
(and its associated publications) and by publications by other authors. 
 
This section considers the evidence base for group model building at the conclusion of 
this PhD candidature – the sum of published empirical studies that relate to 
participative approaches to the use of system dynamics modelling tools. This literature 
review is included here in the conclusion (rather than at the beginning of the thesis) 
because it surveys the landscape that this research project exists as part of, and has 
altered. This section collates the available evidence on group model building, including 
studies of how it is used, what it achieves, and why. This information is used to: reflect 
on the quantitative evidence base for group model building; consider the contribution of 
this thesis to the field; synthesise the conclusions; and identify key opportunities for the 
future. The analysis is arranged around three themes: what group model building 
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achieves; how and when it should be applied; and how it may be improved. This is 
likely to be of interest to group model building practitioners in understanding the state 
of empirical evidence for their craft, and for group model building researchers in 
identifying further research opportunities. 
 
This section is arranged in four sub-sections. The first summarises early research on 
group model building, as articulated by Rouwette et al. (2002). The methodology for 
augmenting and updating the literature review by Rouwette et al. (2002) is then 
explained. The third sub-section presents and analyses the published quantitative 
evidence base for group model building. Finally, there is a discussion of the 
implications of the research findings, for both group model building practice and for 
future research. 
 
Early research on group model building 
 
The first empirical study was published in 1987 (Sancar, 1987), and in the following 13 
years there were 18 additional studies that collected quantitative evidence regarding the 
use of GMB. In 2002, Rouwette et al. reviewed these 19 studies, and a further 88 that 
reported only qualitative assessments. The review considered five aspects of the 
studies: the source of the data; what data were collected; how they were collected; 
when they were collected; and what was found. The different studies related to a range 
of intervention contexts, methods, and tools, described in different and incomplete 
ways. The evaluations consisted of post-workshop surveys or pretest/posttest 
questionnaire, and mostly relied on participants’ own views of what the workshops had 
achieved. Of those using a pretest/posttest design, three used a single case study and 
two a field experiment. The authors expressed caution about biases introduced by 
measurement methods, and recommended direct comparison of different measurement 
methods to determine if they were associated with different results (Rouwette et al., 
2002). 
 
 
188	  
The conclusions of this review were relatively modest: group model building literature 
included a number of small-scale evaluations that demonstrated that participants 
believe group model building contributes to improved communication quality, insight, 
consensus and commitment to conclusions. The reasons for this success were unclear, 
as was the relative effectiveness of group model building versus other techniques 
(Rouwette et al., 2002).  
 
Three papers at around this time contained recommendations on a research programme 
for the future of group model building. Andersen et al. (1997) proposed that more 
rigorous and consistent recording of the intervention context, methods, and tools was 
required, as well as evaluation of several explanatory hypotheses: systems thinking; 
group structure; chunking; gifted practitioner; group communication; or Hawthorn 
effect. While noting the barriers to effective research design, they recommended 
experiments to complement survey results, and the use of common survey methods to 
allow results from many studies to be aggregated. They also proposed: the inclusion of 
measurement methods that do not rely on participants reporting their own cognitive 
processes; that studies measure either mental models or their changes but not both in 
the same subjects; that some study of the enduring effects (if any) of group model 
building is conducted; and that mixed methods are used to improve the robustness of 
results. Coyle (2000) proposed an exploration into the wise balance between qualitative 
and quantitative group model building, through the development of a metric for 
measuring the presumed added understanding and confidence from quantitative 
modelling. Finally, Rouwette et al. (2002) echoed the earlier call from Andersen et al. 
(1997) to thoroughly record case research in a standardised format, while also calling 
for more reporting of unsuccessful case studies. 
 
Methodology 
 
These calls for more research into how group model building is conducted, what it 
achieves, and why, set the scene for several important quantitative studies over the 
coming decade, in addition to a number of smaller pilot studies. This chapter reviews 
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this research, in order to reflect on the current quantitative evidence base regarding 
group model building. Papers were identified on the basis of a literature search. This 
included past issues of four journals from 2001 to 2014 (European Journal of 
Operational Research, Journal of the Operations Research Society, System Dynamics 
Review, System Research and Behavioral Sciences), and past proceedings of two 
international conferences (Meeting of the International Society of Systems Sciences, 
and International Conference of the System Dynamics Society). Papers were selected 
that included quantitative evidence relating to group model building. The references 
cited in these papers were subsequently analysed to reveal additional research. 
 
This method introduces several possible biases. First, it is possible that empirical group 
model building studies have been published elsewhere than the publications examined, 
and not subsequently referenced by empirical group model building studies within 
those publications examined. Secondly, it is possible that some papers were missed due 
to human error, where it was not immediately apparent that the paper related to group 
model building. Third, not all research is published, for a number of reasons including: 
ambivalence, commercial sensitivity, or a reluctance to publish findings from 
unsuccessful cases. It is not possible to measure these possible biases, and therefore 
caution must be taken in assuming that this chapter describes all empirical research on 
group model building. 
 
Papers were selected on the basis of three criteria: quantitative evidence; system 
dynamics methods; and a focus on client participation or group interaction. Several 
studies were excluded that evaluated participant learning through use of system 
dynamics methods but did not feature significant group interaction (e.g. Cavaleri et al., 
2002; Langley and Morecroft, 2002; Maani and Maharaj, 2003; Moxnes 2004; Jensen 
2005; Gary and Wood, 2007, 2011; Capelo and Dias 2009; Yasarcan 2009; Hopper and 
Stave, 2009; Kopainsky et al., 2009, 2010a, 2010b, 2011a, 2011b, 2012; Plate 2010; 
Kopainsky and Sawicka, 2011; Mulder et al., 2011; Kopainsky and Saldarriaga, 2012; 
Stouten et al., 2012). Conversely, several papers were included that described 
individual work that was combined with group feedback elements (Škraba et al., 2007, 
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2010; Borštnar et al., 2011). 
 
Other papers were excluded because the methods used are not strictly recognised as 
“system dynamics” methods. These included a range of facilitated, model-based, 
workshop activities (Halvorsen, 2001; Allsop and Taket, 2003; Shaw 2003; Bryant and 
Darwin, 2004; Fjermestad 2004; Joldersma and Roelofs, 2004; Phahlamohlaka and 
Friend, 2004; Rowe et al., 2004, 2005; Sørensen et al., 2004; Charnley and Engelbert, 
2005; Berry et al., 2006; Cole, 2006; McGurk et al., 2006; Fan et al., 2007; Franco, 
2007). Maintaining a narrow focus on participative interventions using system 
dynamics methods allows direct comparison with the earlier review by Rouwette et al. 
(2002), to reflect on how the evidence base has changed in the intervening years. 
 
Some authors have begun to divide group model building practice into two related sub-
fields based on how the model is perceived (Zagonel, 2002; Andersen et al., 2007). One 
perspective considers the model as an allegedly realistic representation of the external 
policy environment (“micro world” – Zagonel, 2002; “virtual world” – Sterman, 2004). 
The second perspective considers the model as a socially constructed artefact for 
building trust and agreement (“boundary object” – Zagonel 2002; Black and Andersen 
2012; Black 2013; Franco, 2013; Scott, 2014c; “transitional object” – Eden and 
Ackermann, 2006). In many of the cases reviewed, it was not possible to clearly 
distinguish between each perspective, and indeed each may be the prevailing view at 
different points of the same group model building intervention (Zagonel, 2002). This 
chapter includes both perspectives under the general category of group model building. 
 
Finally, four papers were included that met the criteria for inclusion in this review, but 
did not describe case research, such as population surveys of practitioners (Martinez 
and Richardson, 2013) or of potential clients (Scott et al., 2014b). 
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Research design of recent group model building studies 
 
This process resulted in the selection of 26 new studies that include quantitative 
evidence on GMB (see Table 6.1). Data were gathered in five fields: the research 
design; the research context; the GMB tools used; the evaluation tools employed; and 
the results reported. Research included a range of research designs (Cook and 
Campbell, 1979): experiments (with a randomized control group); field experiments 
(with a non-randomised control group); pretest-posttest comparisons (with no control 
group); posttest surveys (with no control group); and population surveys (with no 
treatment group).  
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Table 6.1: Research design of recent group model building studies 
Study Research design Problem 
setting  
Cases Research 
subjects 
Shields, 2001	   Experiment	   Not Applied	   4	   58	  
Mooy et al., 2001	   Pretest/Posttest	   Applied	   1	   9	  
Shields, 2002	   Experiment	   Not Applied	   14	   56	  
Škraba et al., 2003	   Experiment	   Not Applied	   5	   95	  
van den Belt, 2004 Pre-test/Posttest Applied 2 19 
Cockerill et al., 2006	   Posttest	   Applied	   1	   9	  
Luna-Reyes et al., 2006	   Population survey	   n/a	   n/a	   n/a	  
Škraba et al., 2007	   Experiment	   Not Applied	   12	   174	  
Dwyer and Stave, 2008	   Field experiment	   Applied	   2	   32	  
McCardel-Keurentjes et al., 
2008	  
Experiment	   Not Applied	   23	   115	  
Eskinasi et al., 2009	   Field experiment	   Applied	   2	   23	  
Fokkinga et al., 2009	   Experiment	   Not Applied	   2	   18	  
McCardel-Keurentjes et al., 
2009	  
Experiment	   Not Applied	   26	   135	  
Beall and Ford, 2010	   Posttest	   Applied	   9	   n/a	  
Borštnar et al., 2011	   Experiment	   Not Applied	   8	   118	  
Rouwette, 2011	   Posttest	   Applied	   3	   20	  
Rouwette et al., 2011a	   Pretest/Posttest	   Applied	   7	   42	  
Happach et al., 2012	   Posttest	   Applied	   86	   n/a	  
van Kessel, 2012 Experiment Not Applied 10 50 
van Nistelrooij et al., 2012	   Field experiment	   Applied	   2	   12	  
Videira et al., 2012	   Posttest	   Applied	   1	   14	  
Martinez-Moyano and 
Richardson, 2013	  
Population survey	   n/a	   n/a	   27	  
Scott et al., 2013	   Pretest/posttest	   Applied	   4	   30	  
Scott et al., 2014a	   Posttest	   Applied	   4	   40	  
Scott et al., 2014b	   Population survey	   n/a	   n/a	   12	  
Scott et al., 2014c	   Posttest	   Applied	   n/a	   30	  
Applied = participants expected their proposed interventions would be applied to a real 
world setting, Not applied = participants knew that their proposed interventions would 
not be applied to a real world setting, n/a = not applicable or not reported 
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Early research on group model building included mostly posttest surveys, with three 
single group pretest/posttest surveys and two field experiments. Recent research is 
significantly more diverse in research design (see Table 6.2). An increasing number of 
experiments involve problems where participants have no stake in the outcome and do 
not expect their recommendations to be implemented (Shields, 2001, 2002; Škraba et 
al., 2003, 2007; McCardel-Keuntjeres et al., 2008, 2009; Fokkinga et al., 2009; 
Borštnar et al., 2011). These are classified as “Not Applied” in Table 6.1, and are in 
contrast to applied problems, where participants have an expectation that their 
recommendations will be implemented, and may feel affected by or responsible for the 
outcomes of the GMB process. In working on applied problems, the recommendations 
of the group have greater consequence, which may affect the attitudes and behaviours 
of participants (Aronson et al., 1998; Zagonel, 2002). Research must often trade 
external validity against experimental control (Blaikie, 1993). The combination of high 
validity applied settings and high control experimental settings should increase the 
reliability of the findings. Unfortunately, each method has used to explore slightly 
different topics, reducing the advantage of mixed methods research. 
 
Table 6.2: Comparison of research characteristics in early (1987-2000) and 
recent (2001-2014) studies (categories from Cook and Campbell, 1979) 
 Studies published 
1987-2000 
Studies published 
2001-2014 
Experiment 0 9 
Field experiment 2 3 
Pretest/posttest 3 4 
Posttest 14 7 
Population survey 0 3 
 
Recent literature has used a wider array of evaluation tools than was considered in early 
literature. The new evaluation tools include interaction analysis and content analysis of 
the workshop conversations themselves (McCardel-Keuntjeres et al., 2008; van 
Nistelrooij et al., 2012), as well as a longitudinal design including pretest, posttest, and 
delayed comparison (Scott et al., 2013). Several studies compared multiple evaluation 
methods, comparing either survey results with interview results (Rouwette, 2011; Scott 
194	  
et al., 2014b), or with pretest/posttest comparison (Scott et al., 2013). Each comparison 
from the use of multiple methods revealed compatible results, which increases our 
confidence in the validity of the instruments used.  
 
Recent literature includes a range of methods that do not rely on participants self-
reporting their cognitive changes (McCardel-Keuntjeres et al., 2008; Fokkinga et al., 
2009; van Nistelrooij et al., 2012; Scott et al., 2013). Individuals do not provide 
reliable descriptions of their own cognitive change (Doyle, 1997). Proposed 
explanations include: introspection illusion, where individuals describe what they think 
must have happened, rather than actual recollections (Nisbett and Wilson, 1977); 
hindsight bias, where individuals assume their current view is the one they have always 
held (Tversky and Kahneman, 1973); or subject bias, where individuals report what 
they think researchers want to hear (Orne, 1962). 
 
Four studies were reviewed that related to group model building but did not describe 
the cases or experiments themselves. One paper measured the time commitment by 
participants and different members of the modelling team (Luna-Reyes et al., 2006). A 
second paper surveyed leading system dynamics practitioners on best-practice methods 
– while not explicitly inquiring about group model building, many of the responses 
related to client involvement and participation (Martinez and Richardson, 2013). A 
third paper concerned the use of model validation in group model building, and 
conducted a meta-analysis of published group model building studies (Happach et al., 
2012). The fourth paper asked potential group model building clients to rate each of the 
reported outcomes of group model building based on importance to them in conducting 
group decision processes (Scott et al., 2014b). 
 
What group model building achieves  
 
Many of the outcomes explored in early research continue to be evaluated in recent 
studies, alongside several new outcomes (see Table 6.3). There have now been at least 
45 publications providing quantitative evidence for the effectiveness of group model 
195	  
building. We can say with some confidence that group model building produces a range 
of cognitive and interpersonal outcomes that are considered beneficial to group 
decision processes. These changes have been observed at different stages: during 
modelling workshops (e.g. McCardel-Keuntjeres et al., 2008; van Nistelrooij et al., 
2012), at the conclusion of the workshops (e.g. Rouwette 2011; Scott et al., 2014a), or 
a long time after the intervention (Huz, 1999; Scott et al., 2013). 
 
Table 6.3: Outcomes evaluated in early (1987-2000) and recent (2001-2014) group 
model building literature 
Outcomes reported 1987-
2000 
Outcomes also reported 
2001-2014 
New outcomes reported 
2001-2014 
Insight 
Commitment 
Communication 
Consensus 
Positive reaction 
Efficiency 
Shared language  
System changes 
Insight 
Commitment 
Communication 
Consensus 
Positive reaction 
Efficiency 
Shared language 
  
Revealed information 
Group cohesion 
Persuasion 
Mental model change 
Mental model alignment 
Enduring change 
Power levelling 
Variables considered 
Persuasive content 
 
Several studies directly compared group model building to other methods, but the 
relative effectiveness and appropriate context for group model building versus other 
methods remains unclear. Five field experiments have been used to compare group 
model building to traditional meeting facilitation. Two studies compared treatment and 
control groups in different organisations, and found greater consensus and commitment 
with group model building (Huz, 1999; Dwyer and Stave, 2008), but it is not clear that 
the groups in either field experiment were comparable. van Nistelrooij et al. (2012) 
tested a control and treatment group in the same organization, and found that group 
model building is associated with greater power levelling than a normal meeting. Two 
further field experiments compared the conditions for persuasion and found group 
model building more effective than “normal meetings” (Eskinasi et al., 2009; Rouwette 
et al., 2011a). Rouwette et al. (2011a) is notable as a meta-analysis of previously 
published case studies (including Mooy et al., 2001, and Eskinasi et al., 2009). Meta-
analysis has the potential to increase the statistical power of the results and possible 
196	  
reasons for their variation (Shadish et al., 2001). 
 
Four experiments compared group model building to other methods using randomised 
control trials, studying university students working on abstract (not applied) problems. 
Two compared group model building to traditional facilitation, and found that group 
model building is associated with more sharing of hidden knowledge (McCardel-
Keuntjeres et al., 2008), and more equal participation (van Kessel, 2012) but not more 
shared understanding, communication, commitment, or perceived procedural justice 
(McCardel-Keuntjeres et al., 2009, van Kessel, 2012). Fokkinga et al. (2009) compared 
participation in the creation of causal loop diagrams to studying diagrams completed by 
others, and noted improved outcomes associated with group model building at a group 
and individual level. Despite limitations in external validity (Shadish et al., 2001), these 
controlled experiments continue to be important in augmenting our understanding from 
applied research.  
 
Several studies ask participants to compare the outcomes of the meeting to a 
hypothetical “normal” meeting (Vennix et al., 1993; Mooy et al., 2001; Vennix and 
Rouwette, 2000; Rouwette 2011; Scott et al., 2014a). Participants in all studies believed 
that group model building results in faster and better outcomes than a normal meeting.  
 
There is an evident contradiction between one experimental study and several field 
experiments and posttest surveys measuring the same outcomes. The experiment 
divided university students into two groups to work on an abstract (not applied) 
problem (McCardel-Keuntjeres et al., 2009). This experiment found that GMB was not 
associated with more shared understanding, communication quality, or commitment 
than traditional facilitation. Conversely, three field experiments and four posttest 
surveys supported GMB as more effective than a normal meeting (Vennix et al., 1993; 
Huz, 1999; Vennix and Rouwette, 2000; Dwyer and Stave, 2008; Eskinasi et al., 2009; 
Rouwette, 2011; Scott et al., 2014a). This contradiction highlights the challenges with 
applied business research (Shadish et al., 2001): the experimental research has 
unknown external validity; the treatment and control groups in the field experiments 
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may not be comparable; and the method used in the applied research, where 
participants compared their experience to another hypothetical situation, is of unknown 
reliability (Scott et al., 2014a). 
 
GMB has been compared only to “traditional facilitation” and “normal” meetings, and 
not to other problem structuring methods. There have been several calls to understand 
how GMB is both similar to and different from other related methods (Lane and Oliva, 
1998; Andersen et al., 2007; Rouwette et al., 2009, 2011b; Ackermann et al., 2010), 
but these calls have not yet been answered.  
 
When group model building should be used  
 
Group model building has now been evaluated and shown to be effective in a range of 
contexts, including policy making (Cockerill et al., 2006; Dwyer and Stave, 2008; Beall 
and Ford 2010; van Nistelrooij et al., 2012), strategy development (Rouwette, 2011), 
strategy implementation (Scott et al., 2014a), and both intra- (Scott et al., 2013) and 
inter-organisational (Rouwette, 2011) agreement. All of these studies report positive 
outcomes; this provides some evidence to indicate use of group model building in these 
contexts, but nothing to guide when not to use it. 
 
Despite its documented virtues, group model building is unlikely to be the best 
approach to every problem. Two factors appear important for choosing when to apply 
group model building: the outcomes desired in a given situation; and the likely 
effectiveness of group model building in achieving those outcomes compared to 
alternate methods. One study related the reported outcomes of group model building to 
potential-client objectives in a range of decision contexts (Scott et al., 2014b). This 
study explored only a small range of contexts (group decisions commissioned by public 
servants in New Zealand), but begins the quantitative evidence base for understanding 
clients’ objectives.  
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There remains no direct comparison of group model building effectiveness in different 
settings, to suggest when group model building might be most effective. Several studies 
have used identical or similar survey instruments (Vennix et al., 1993; Vennix and 
Rouwette, 2000; Mooy et al., 2001; Dwyer and Stave 2008; Eskinasi et al., 2009; 
Rouwette, 2011; Scott et al., 2014a). Meta-analysis of these results could add greater 
statistical power to the analysis, as well as the opportunity to directly compare results 
from different contexts. Such a comparison has not yet been published. One 
unpublished dissertation described the conditions under which group model building 
supports learning, based on qualitative study of ten cases (Thompson, 2009). 
 
It is only part of the story to consider that group model building is effective in certain 
situations, or that it is more effective in some situations than others. When faced with a 
problem setting, there are many possible methods available. As described in section 4.1 
above, group model building evidence should ideally identify when group model 
building is likely to be the best available approach to meeting the clients’ objectives. 
 
How to improve group model building 
 
Group model building describes a range of system dynamics tools that have been 
applied in many different ways (Andersen et al., 1997). Several studies now report 
group model building “scripts” (Andersen and Richardson, 1997; Hovmand et al., 
2012) that describe the tools used with greater consistency and precision.  
 
The tools in the case studies vary widely. The cases range from in-depth group model 
building interventions lasting up to a year (Rouwette, 2011), to a single short workshop 
(Scott et al., 2014a). Six papers used only qualitative group model building tools, and 
15 included quantitative group model building tools, but none directly compare the two. 
Rouwette et al. (2002) compared data from different case studies to provide indirect 
evidence that commitment, consensus and system change were more likely in 
quantitative models (than in qualitative-only models), but this could have been due to 
the longer time-commitment involved in the case studies that used quantitative group 
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model building. Despite the development of a possible framework (Coyle, 2000), there 
has been no further study on this topic, which limits the ability of practitioners to select 
the most appropriate tools for the job.  
 
Several studies compare the presence or absence of group model building components, 
and how these contribute to learning outcomes. Experiments have evaluated the 
importance of the presence of a facilitator (Shields, 2001; Borštnar et al., 2011), the 
creation of causal loop diagrams (Fokkinga et al., 2009), and the opportunity for group 
feedback and discussion (Škraba et al., 2003, 2007; Borštnar et al., 2011). One study 
explored the relationship between the type of modelling used and the importance of 
facilitation (Shields, 2001), and suggested that facilitation is more important in 
simulation modelling than conceptual analysis. 
 
Other studies, without control groups, ask participants to rate the contribution of 
different components to the success of the intervention (Vennix et al., 1993; Vennix 
and Rouwette, 2000; Eskinasi et al., 2009; Scott et al., 2014a). There are limitations to 
the ability of individuals to describe their own learning (Nisbett and Wilson, 1977; 
Doyle, 1997), and the reliability of these findings is not clear. 
 
Several authors have called for greater exploration into why some group model 
building interventions fail (Andersen et al., 1997; Rouwette and Vennix, 2006). To date 
this has been explored only qualitatively (Eskinasi and Fokkema, 2006; Größler, 2007), 
but greater clarity could improve intervention design. 
There have recently been efforts to understand how and why group model building 
affects participants at an individual and group level (McCardel-Keuntjeres et al., 2008; 
Fokkinga et al., 2009; Eskinasi et al., 2009; Rouwette et al., 2011a; Scott et al., 2014a, 
2014c). These studies provide quantitative evidence to support a number of causative 
mechanisms that may contribute to its effectiveness. The concepts of cognitive bias 
(Scott et al., 2014a), persuasion (Eskinasi et al., 2009; Rouwette et al., 2011a; Scott et 
al., 2013, 2014c), and models as boundary objects (Zagonel, 2002; Black and 
Andersen, 2012; Black, 2013; Scott et al., 2014c), provide a basis for understanding 
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why group model building is effective, and for identifying new methods to explore. 
 
Discussion 
 
Twelve years after Rouwette et al. (2002) considered the state of group model building 
research, much has changed, but many challenges remain. There has been greater use of 
more-objective measures that do not rely on participant recollection, new 
measurements methods have explored different outcomes, and several studies lift the 
lid on what happens during group model building sessions (rather than only evaluating 
change at the end). There are several interesting results from small studies that may 
warrant further attention: what clients want; the duration of participant change; how 
group model building works; power-levelling; and the discovery of hidden knowledge. 
In almost all cases, group model building is reported to be effective in supporting 
individual and collective changes considered desirable in group-decision contexts. 
 
Although the overall picture is now much richer and more complex, it is far from 
comprehensive. Evidence is still based on small sample sizes or single case studies, 
although the use of common methods may allow a meta-analysis in the future. Research 
is usually lacking in either experimental control or external validity, and each design 
has been used to measure different things. Finally, there is considerable scope for 
comparison between group model building and other methods, or between different 
group model building tools.  
 
Just as was the case over a decade ago, there is reason to be hopeful about the future of 
group model building research: progress has been made; there are many tantalising 
leads to follow; and the basic challenges appear both clear and tractable. 
 
6.5 Reflections 
The field of system dynamics has strong positivist (Giddens, 1974) roots. It began as a 
quantitative and mechanistic approach to understanding the behaviour of systems over 
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time (Forrester, 1961). The purpose of the modelling process was to understand the 
nature of a presumed objective reality, for the purpose of making better management 
decisions (Greenberger et al., 1976). 
It remains a unique and extremely useful method for doing just that (Sterman, 2000), 
especially in knowable problems with strong internal feedback (Kurtz and Snowden, 
2003). However, this thesis does not tell the story of a tool for understanding the 
behaviour of complex systems and making better-informed decisions. Instead it tells the 
story of a tool that has proven effective as a boundary object for building trust and 
agreement between participants in a group-decision context (Zagonel, 2002; Black and 
Andersen, 2012). This was a happy accident – an unintended benefit from involving the 
client in the modelling process that was originally intended as a means to gain 
acceptance of expert-generated solutions (Stenberg, 1980). 
Several aspects of group model building intervention act to support cognitive biases 
that predispose participants toward agreement: the endowment of responsibility to a 
group; the combination of visual, tactile and auditory experience; and the competent 
completion of a seemingly complex activity (Chapter 2).  
Then, the model itself appears to act as a boundary object for group members; it 
provides a common, modifiable, visual depiction of dependencies, that allows group 
members to feel understood, to feel part of a team, and to iteratively build upon small 
(process) successes (Chapter 4). 
This provides conditions under which participants’ views are able to change. Deep 
cognitive structures are altered, producing enduring mental model alignment between 
participants (Chapter 3). 
Finally, it turns out that in many cases this is exactly what clients want. There are many 
contexts in the public sector where system improvement is outside the responsibility of 
the client. In these cases, it seems clients are most interested in methods that build trust, 
agreement, and enduring mental model alignment among group members with initially 
differing opinions (Chapter 5). 
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The author of this thesis began his candidature from the perspective that group model 
building would produce improved policies and lead to system improvement; that these 
changes were hard to measure and attribute; and that process outcomes were therefore a 
convenient proxy (similar to Rohrbaugh, 1987). The strength and depth of participants’ 
cognitive and interpersonal change came largely as a surprise. 
Two perspectives of group model building are emerging: the micro-world and 
boundary-object views (Zagonel, 2002). The micro-world view assumes that the model 
is a realistic representation of the external environment, and that system dynamics 
modelling can help understand and solve complex problems. The boundary-object view 
considers the model as a socially constructed artefact for building trust and agreement. 
These are not mutually exclusive phenomenon – there is no reason to believe that a 
modelling process cannot simultaneously represent reality and negotiate a social order 
(Zagonel, 2002); why group model building can’t be effective at both building models 
and building groups.  
However, these two perspectives have different implications for research. The 
boundary object perspective deserves attention as more than an afterthought, and more 
than an intermediate proxy for the “real” objective of system change. Future research 
should be directed at understanding these cognitive and interpersonal changes, and at 
how group model building methods can be refined to further enhance their impact on 
participants. 
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Appendix 1: Strategy of the host organisation 
 
The workshops described in Chapters 2 and 3 of this thesis were focussed on planning 
the implementation of the strategy of the host organisation. Each of the four workshops 
discussed one of the four strategic objectives: maximise export opportunities; improve 
sector productivity; increase sustainably resource use; and protect from biological risk. 
The strategy is included in this thesis with permission from the host organisation 
(Figure A1.1, personal communication James Palmer, 2011). 
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Figure A1.1 Ministry of Agriculture and Forestry organisation strategy “Our Strategy 
2030” 
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Figure A1.1 Ministry of Agriculture and Forestry organisation strategy “Our Strategy 
2030” (continued) 
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Appendix 2: Supplementary material to 
accompany “Strategy Implementation and 
Group Model Building” 
 
This study used a written questionnaire to evaluate participants’ experience of group 
model building. This tool, referred to elsewhere as the CICC Questionnaire (Vennix et 
al., 1993; Rouwette, 2011), was developed in the early 1990s by a group of research 
looking to understand and validate participative processes (Vennix et al., 1993). The 
questions have been used in several group model building interventions (Akkermans et 
al., 1993; Vennix et al., 1993; Vennix and Rouwette, 2000; Mooy et al., 2001; Eskinasi 
et al., 2009; Rouwette, 2011). Other studies have used similar questions (McCartt and 
Rohrbaugh, 1995; Huz et al., 1997) or a subset of the questionnaire (Dwyer and Stave, 
2008).  
 
A2.1 CICC questionnaire 
 
The questionnaire is included as Figure A2.1. It was obtained from its authors (Etienne 
Rouwette, personal communication, 2011).  
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Questionnaire 
 
 	  
Age ……years  Gender …… 
 
I have been an employee of (organisation) for …… years 
 
Level 3 Director 
 
My organisational-level is (circle one): 
 
Level 4 Manager 
 
Level 5 Manager 
 
Other level 
 
My highest academic qualification is (circle one) 
 
High-School 
 
Under-Graduate 
  
Post-Graduate 
 
Results of the modelling process 
 
The following questions aim primarily at the discussions that were held during today’s 
meeting.  The answers on the following questions fall in one of five categories: 
strongly agree (sa) 
agree (a) 
agree nor disagree (a/d) 
disagree (d) 
strongly disagree (sd) 
 
 sa a a/d d sd 
  1. My insight into the problem has increased due to the modelling 
process. 
   
 
 
  2. I think that, because of these meetings, we have reached a 
shared vision of the problem. 
     
  3. I support the conclusions/findings that were drawn during the 
modelling process, in general terms. 
     
 
 
 
 
Figure A2.1: CICC questionnaire (Etienne Rouwette, personal communication, 2011)  
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  4. The modelling process has given me more insight into the 
cohesion between the elements that compose the problem. 
     
  5. The causal diagrams that were developed were the result of 
the integration of diverse opinions and ideas of the participants. 
     
  6. If my team were to use the same approach in planning, all 
persons would loyally follow this plan to its natural conclusions. 
     
  7. As a result of the modelling process it is still unclear to me 
what the causes of the problem are. 
     
 8. The modelling process aided in the understanding of the 
opinions of the other participants. 
     
 9. We could not reach a consensus. 
 
     
10. The use of causal diagrams has clarified the communication 
between participants about the problem. 
     
11. Our opinions are closer due to the modelling process. 
 
     
12. I will uphold the conclusions/findings of these meetings in front 
of other members of my organisation. 
     
13. The modelling process has given me more insight into the 
feedback processes that play a role in the problem. 
     
14. The modelling process has given me little insight into the 
opinions and ideas about the problem of other participants. 
     
15. Some persons dominated the discussions. 
 
     
16. The modelling process has not given me insight into the 
possibilities that my organisation has in 'steering' the problem. 
     
17. The model developed in the sessions is more useful to the 
researcher than to our organisation. 
     
18. I will try to convince others in my organisation of the 
importance of these conclusions. 
     
19. The model developed in the sessions is my own. 
 
     
20. All in all I think these meetings were successful. 
 
     
21. Using modelling in approaching the problem is efficient. 
 
     
22. The model developed in the sessions does not represent my 
opinions. 
     
23. The model developed in the sessions is owned by the 
participants. 
     
 
 
 
 
 
 
 
 
Figure A2.1: CICC questionnaire (continued)  
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If you compare this meeting, using causal diagrams, with normal meetings or 
conferences in which you discuss similar problems, would you say these meetings: 
 
 sa a a/d d sd 
• give more insight compared with normal meetings? 
 
     
• give insight more quickly compared with normal meetings? 
 
     
• result in a better communication between participants? 
 
     
• give rise more quickly to a shared vision between participants? 
 
     
• give rise to a better shared vision between participants? 
 
     
• give rise more quickly to commitment of participants? 
 
     
• give rise to more commitment of participants? 
 
     
 
Effects of different elements of Group Model-Building 
 
The meetings consisted of several aspects which may have contributed in different 
ways to the overall effect of the meeting. In the following questions you are asked to 
specify how much an aspect contributed to the overall effect. You can do this by 
scoring each element on a scale of -5 to +5, in which: 
 
 -5 = was of no use whatsoever, obstructed the sessions; 
 0 = did not obstruct, but was of no use either; 
 +5 = contributed very much. 
 -5 to +5 
1. The opportunity for open and extensive discussion 
 
 
2. The presence of a designated facilitator 
 
 
3. The use of behaviour-over-time graphs (line graphs) 
 
 
4. The identification of variables (sticky-labels) 
 
 
5. The use of causal diagrams 
 
 
6. The identification of leverage points 
 
 
7. The use of structured agenda 
 
 
 
 
 
 
Figure A2.1: CICC questionnaire (continued) 
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Suggestions for future sessions 
The following questions can be of great use in planning future sessions. 
What were the three best features of the session? 
 
a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
What were the three most disappointing features or problems of the session? 
 
a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
Figure A2.1: CICC questionnaire (continued)  
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What specific suggestions would you make if meetings like these were to be 
organised or held again? 
 
a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
Thank you again for your co-operation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A2.1: CICC questionnaire (continued) 
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Appendix 3: Supplementary material to 
“Stability of mental model change from group 
model building” 
 
 
This supplement contains information about the workshop context, the process used, 
and the workshop outputs, in the above study. Hovmand et al. (2012) describes 
“scripts” for model building; small, replicable, behavioural descriptions of pieces of a 
group model building process, in a standardised format. Publishing the associated 
scripts with case studies allows the reader greater clarity in understanding the 
intervention methodology. Three workshop outputs are included: the variables that 
were described using behaviour over time graphs, causal loop diagrams, and 
intervention points. This allows the reader some insight into the type of problem being 
discussed and the modelling complexity that participants created. Finally, the 
evaluation tools are included to allow replication of these methods. 
A3.1 Components of the modelling intervention 
Andersen et al. (1997) proposed a taxonomy of group-facilitated meetings, including a 
description of the pre-project relationships and the participants.  
Pre-project client-consultant relationship 
A large (~2000 full time equivalent employees) government department in New 
Zealand set a 20-year strategy for the organisation. Senior management completed the 
strategy with limited input by staff. Included in the strategy were four strategic 
objectives for the next 20 years: 
• Improving sector productivity 
• Maximising export opportunities 
• Increasing sustainable resource use 
• Protecting from biological risk 
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Having completed the strategy, senior employees were concerned that: 
§ The strategy may be poorly understood, or there may be differences in 
interpretations. 
§ No plan exists for the actions that the organisation should take to realise the four 
strategic objectives. 
§ Those responsible for implementing the strategy did not participate in its 
development, and therefore may not feel a sense of ownership. 
The facilitator was an employee of the department, and was asked to design and run a 
3-hour workshop to increase awareness of the strategy, to identify priority interventions 
to achieve the strategy, and to increase organisational support for the strategy. Senior 
management and the facilitator agreed on the problems that would be the subject of 
each group’s workshop, prior to the workshop. 
Participants 
A total of 52 participants were selected by senior management, based on their 
assessment that these individuals were influential in the attitudes and behaviours of 
their peers. These included middle managers and subject matter experts (non-
managers). This cohort was split into four groups based on the fit between their 
substantive roles and the strategic objective considered in that workshop.  
Due to other engagements, some participants needed to leave during the session. This 
was most prevalent in Group 3, where 6 participants left during the workshop due to an 
unrelated urgent activity. Post-workshop evaluations were only collected from those 
participants who attended the entire session, who numbered 40 of the initial 52 
participants. Those who left were more likely to be in management positions than those 
that remained, but were not otherwise significantly different.  
Participants were experiencing employment-uncertainty at the time of the workshops, 
due to a merger/restructuring process underway. The facilitator anticipated that this 
might result in defensiveness or self-serving behaviour by participants, but there was no 
evidence that this was the case. Discussion was self-sustaining and had to be curtailed 
by the facilitator to finish at the scheduled close of the three-hour workshop. 
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The invitation to participate in the modelling session was from senior management, but 
senior management did not attend or take part in the modelling session. 
Contact with participants 
As the facilitator was an employee, there was some (and varying degrees of) familiarity 
between participants and the facilitator. Many of the participants had not met the 
facilitator before the meeting. There was no prior contact between facilitator and 
participants on the topic of the modelling session. 
There was no introduction to system dynamics given. Participants were instructed on 
how to complete each process step at the beginning of that step. 
Meetings 
The intention was that each of the four groups would be of equal size. In practice, 
group size ranged from 11 to 15. Each group attended one 3-hour workshop (during the 
evaluation period). All modelling work was completed with the participants (there was 
no off-site work by the facilitator). At the end of this workshop, participants requested 
an additional meeting to reflect on the conclusions of the initial workshop. This was 
scheduled for 5-7 days after the initial workshop. The outputs of the first workshop 
(behaviour over time graphs, causal loop diagrams with intervention points) were 
displayed on the walls of the meeting room. This post-workshop meeting took 2-hours, 
and was unstructured. Participants discussed the outputs of the first workshop by 
themselves and with no fixed agenda. There was no change to the workshop 
conclusions. 
Modelling procedure 
Each workshop consisted of a five-step process described by Maani and Cavana (2007). 
The facilitation process used 2 existing scripts, adapted 2 scripts, and created 3 new 
scripts: 
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1. Define the problem or situation (15 minutes) 
See scripts “Workshop Introduction” and “Problem Scope” (below). The 
host role and facilitator role were both completed by the one person. 
2. Identify key variables (30 minutes) 
See scripts “Variable Elicitation (Sticky-Note Variation)” (below, 
similar to “Variable Elicitation”, Peter Hovmand, personal 
communication, 2013), and “Variable Clustering” (below). 
3. Identify behaviour over time of main variables (30 minutes) 
This closely followed the “Graphs Over Time” script (Hovmand et al., 
2012), except that one person completed four of the identified roles, and 
the wall-builder role was omitted. 
4. Construct causal loop diagrams (75 minutes) 
See script “Participant-Created CLD” (below). This has some elements 
in common with “Building a CLD with Paper” (Peter Hovmand, 
personal communication, 2013), but differs in that it describes a process 
for participants to drawn their own causal loop diagrams. 
5. Identify key leverage points (30 minutes) 
This closely followed the “Places to Intervene” script (Hovmand et al., 
2012), except that the article (Meadows, 1999) was paraphrased verbally 
by the facilitator, rather than circulated to participants. 
Facilitation aspects 
There was one facilitator who was also an employee of the department. The facilitator 
introduced and provided instruction for each step in the process. The facilitator had 
completed two days training in how to facilitate this process, and had facilitated 
approximately 20 other workshops using the same process. The facilitator is also one of 
authors of this study. 
The work was completed mostly by participants – for example, participants drew the 
behaviour over time graphs and the causal loop diagrams. The facilitator provided 
process instruction and asked prompting questions to ensure the process was being 
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followed. The facilitator also acted as timekeeper to keep the workshop process to time, 
and kept session notes during the session (see script for more details). 
Each workshop appeared to generate good process buy-in by participants and easily led 
to a small number (3-4) of conclusions that could be implemented with apparently 
consensus support. There did not appear to be any problems with participants not 
respecting the role of the facilitator or their process expertise despite being an 
employee of the organisation. 
Meeting logistics 
Meetings were held in a large meeting room in the building where the participants 
worked. Materials included two whiteboards, sticky-labels (for recording variables), 
pens and whiteboard markers. Three workshops (Group 1-3) were from 9:00am until 
12:00pm, and one (Group 4) ran from 2:00pm until 5:00pm. 
One whiteboard was used for behaviour over time graphs and to record workshop 
instructions. The second whiteboard was used for the construction of a causal loop 
diagram. Variables (on sticky-labels) were stuck to the wall for sorting. 
A3.2 Group model building scripts 
Hovmand et al. (2012) describes “scripts” for model building; small, replicable, 
behavioural descriptions of pieces of a group model building process, in a standardised 
format. Publishing the associated scripts with case studies allows the reader greater 
clarity in understanding the intervention methodology. Tables A3.1 to A3.5 detail the 
new scripts used. 
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Table A3.1: Script for “Workshop Introduction” 
Description A process for the facilitator to explain to participants why they have 
been brought together, what process will follow, and what the 
workshop process will accomplish. 
Script status Under development. 
Context At the beginning of a group model building project, where participants 
have limited knowledge of the task.  
Purpose To understand the process and goals of the workshop. 
Primary 
nature of 
group task 
Presentation. 
Time Preparation time: 15 minutes. 
Time required to complete steps in script: 5 minutes. 
Materials 
needed  
None. 
Inputs from 
other script 
Intervention purpose (agreed with client). 
Outputs from 
this script 
Participants understand what they are there to achieve. 
Team roles 
and expertise 
required 
Host (person who has called the workshop). 
Facilitator (with knowledge of the workshop process). 
Who is in the 
room? 
Host, facilitator, participants. 
Steps 1. Welcome 
The host welcomes participants to the venue and thanks them for 
attending. The host introduces the facilitator. 
2. Describe context 
The host describes the problem setting (relevant context about the 
situation), and describes the goals of the intervention. 
3. Describe process 
The facilitator describes the process of the workshop, what the outputs 
of the workshop will be, and how the outputs will contribute to the 
intervention or to addressing the problem. 
Evaluation 
criteria 
1. Participants can describe a common understanding of why they 
have been brought together. 
2. Participants can describe a common understanding of the 
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outputs of the workshop. 
3. Participants demonstrate willingness to participate in the 
planned process. 
Author(s) As for main paper. 
History and 
basis for script 
An organisation employee created this script to help middle managers 
and subject matter experts to plan actions to implement a high-level 
20-year strategy.  
Revisions None. 
References This is a variation on “Introduction to GMB Session” and “Creating a 
Shared Vision of Modelling Project” (from the not-yet-published 
“Scriptapedia v3.1”, Peter Hovmand, personal communication, 2013). 
It has been adapted for a small project and a small modelling team (the 
facilitator only).  
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Table A3.2: Script for “Problem Scope” 
Description A process for participants to reach shared understanding about a 
supplied problem. 
Script status Under development. 
Context At the beginning of a group model building project, where the 
problem has been selected by the client but is not clearly or 
consistently understood.  
Purpose Common understanding of problem scope. 
Primary 
nature of 
group task 
Convergent. 
Time Preparation time: 5 minutes. 
Time required to complete steps in script: 10 minutes. 
Materials 
needed 
Whiteboard, markers. 
Inputs from 
other script 
Problem to be modelled. 
Outputs from 
this script 
Agreed scope, inclusion/exclusion criteria. 
Team roles 
and expertise 
required 
Facilitator (no SD knowledge required). 
Who is in the 
room? 
Facilitator, participants. 
Steps 1. Sharing the problem statement 
The facilitator writes the problem statement (previously agreed with 
client) on the whiteboard for all participants to see. 
2. Clarifying terms 
The facilitator picks key terms from the board and asks participants 
what they mean. When a definition is supplied, the facilitator asks 
participants to confirm that the definition is agreed. 
3. Agreed paraphrasing 
Using the definitions supplied, the facilitator paraphrases the problem 
statement, and checks with participants if this description is valid. 
4. Checking boundaries 
The facilitator identifies a small number of concepts that may be on 
the edge of the problem scope, and asks participants if that concept 
should be in scope or out of scope. The facilitator checks that there is 
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agreement between participants on the answer. The facilitator asks 
participants to identify other areas that may be in or out of scope. 
Participants discuss these concepts and try to reach consensus on what 
is part of the problem to be solved. The facilitator asks for 
inclusion/exclusion criteria for further understanding what the 
problem statement means. 
Evaluation 
criteria 
1. Discussion appears to be interesting (to participants) and self-
sustaining (Hovmand et al., 2012). 
2.   Participants can describe a common understanding of what the 
problem statement means and contains. 
Author(s) As for main paper. 
History and 
basis for script 
An organisation employee created this script to help middle managers 
and subject matter experts to plan actions to implement a high-level 
20-year strategy.  
Revisions None. 
References None. 
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Table A3.3: Script for “Variable Elicitation (Sticky-Note Variation)” 
Description A process for eliciting variables that participants believe may be 
important to the problem statement. 
Script status Under development. 
Context Early in the modelling process, after the problem has been defined.  
Purpose To create a long-list of potential variables for modelling. 
Primary 
nature of 
group task 
Divergent. 
Time Preparation time: 0 minutes. 
Time required to complete steps in script: 15 minutes. 
Materials 
needed  
Sticky-labels, markers, wall. 
Inputs from 
other script 
Problem statement. 
Outputs from 
this script 
Long-list of variables. 
Team roles 
and expertise 
required 
Facilitator (with knowledge of the workshop process). 
Who is in the 
room? 
Facilitator, participants. 
Steps 1. Defining “variable” 
The facilitator defines “a variable” for the purpose of the workshop 
and explains this to the group. The facilitator notes that description of 
a variable must (for the purpose of the workshop) be phrased such that 
they can be said to increase or decrease. 
2. Describing task 
The facilitator explains that participants should write down as many 
variables as they can think of that they think have an important effect 
on the problem statement. These should be completed on the sticky-
labels, with one variable per label. 
3. Writing variables 
Participants write variables on sticky-labels in silence. Only one 
variable should appear on each label. 
4. Affixing stick-labels 
The facilitator instructs participants to stick the sticky-labels to a 
vertical surface (in the case study, this was the glass walls of the 
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workshop venue). 
Evaluation 
criteria 
1. Participants can describe a common understanding of what a 
variable is. 
2.   Participants have listed a large number of variables.  
Author(s) As for main paper 
History and 
basis for script 
An organisation employee created this script to help middle managers 
and subject matter experts to plan actions to implement a high-level 
20-year strategy.  
Revisions None. 
References This is a variation on “Variable Elicitation” (from the not-yet-
published “Scriptapedia v3.1”, Peter Hovmand, personal 
communication, 2013), but uses small sticky-labels to create a set of 
variables that is more easily rearranged. 
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Table A3.4: Script for “Variable Clustering” 
Description A process for condensing a large number of suggested variables. 
Script status Under development. 
Context Where participants have identified a large number of variables that 
they think have an important effect on the problem. 
Purpose Reducing the number of variables to be modelled initially. 
Primary 
nature of 
group task 
Convergent. 
Time Preparation time: 0 minutes. 
Time required to complete steps in script: 15 minutes. 
Materials 
needed 
Sticky-labels, markers, wall. 
Inputs from 
other script 
Long-list of variables. 
Outputs from 
this script 
A list of variables to be modelled, arranged on a vertical surface using 
stick-labels. 
Team roles 
and expertise 
required 
Facilitator (with knowledge of the workshop process). 
Who is in the 
room? 
Facilitator, participants. 
Steps 1. Explaining the task 
The facilitator instructs participants to begin grouping the variables 
that are attached to the wall. Groupings should represent like concepts. 
2. Clustering variables 
Participants rearrange sticky-labels to create clusters. 
3. Labelling clusters 
The facilitator instructs participants to use a different coloured sticky-
label to create new variables that represent the key concepts in each 
cluster. Participants should then check that each concept in the original 
variables has been retained in the new cluster labels (this may require 
more than one cluster-label per cluster, or a rearranging of clusters), 
and that the cluster-labels are still phrased as variables. 
4. Copying cluster labels 
The full list of variables may need to be referred to at a later time. The 
participants transcribe the cluster-labels so that the original clusters 
can be left on the wall. 
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Evaluation 
criteria 
1. Discussion appears to be interesting (to participants) and self-
sustaining (Hovmand et al., 2011). 
2. Discussion appears to show general agreement on cluster-
labels.  
3. Cluster-labels are phrased such that they can be modelled as 
variables. 
Author(s) As for main paper. 
History and 
basis for script 
An organisation employee created this script to help middle managers 
and subject matter experts to plan actions to implement a high-level 
20-year strategy.  
Revisions None. 
References None. 
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Table A3.5: Script for “Participant Created CLD” 
Description A process for supporting participants to create their own causal loop 
diagram. 
Script status Under development. 
Context Where participants have identified variables and behaviour over time, 
to move to an initial model.  
Purpose Creating a causal loop diagram with strong participant ownership. 
Primary 
nature of 
group task 
Convergent. 
Time Preparation time: 5 minutes. 
Time required to complete steps in script: 75 minutes. 
Materials 
needed  
Whiteboard, whiteboard markers. 
Inputs from 
other script 
Clustered variables. 
Behaviour-over-time graphs. 
Outputs from 
this script 
An initial causal loop diagrams created by participants. 
Team roles 
and expertise 
required 
Facilitator (with knowledge of the workshop process). 
Modeller (no prior experience necessary, several participants may 
rotate through this role). 
Who is in the 
room? 
Facilitator, participants. 
Steps 1. Explaining the task 
The facilitator explains that causal loop diagrams are visual 
representations of the relationships between different parts of a 
system. The facilitator explains that the participants are going to use 
the variables they have identified to create a causal loop diagram that 
explains the behaviours observed in the behaviour over time graphs. 
2. Example model (population model) 
The facilitator writes variables from a simple three variable model on 
the board. The facilitator explains that these variables have causal 
relationships with each other, and asks participants to suggest how 
each of the variables may link to one of the others. Participants 
suggest links, and are invited to draw them on the population model. 
3. Beginning the model 
The facilitator asks the participants to look for causal relationships 
between the variables that have been identified (see “Variable 
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Clustering”). When one relationship is identified, the facilitator asks 
for a volunteer to draw the relationship on the board, by writing the 
two variables and linking them with an arrow. This person becomes 
the first modeller. The facilitator asks the participants to discuss, but 
not label, the polarity of the causal relationship (consistent with Senge, 
1990). 
4. Adding to the model 
The facilitator asks participants to find other variables that influence, 
or are influenced by, the two that are on the board. When each new 
variable is added to the board, the facilitator can prompt the 
participants to check if all the important relationships have been 
identified between that new variable and others on the board. 
5. Checking behaviour over time 
The facilitator explains that causal loop diagram describes the 
relationships that cause the behaviour of the system. For each graph 
(see “Graphs Over Time”, in Hovmand et al., 2012), participants 
check that the causal loop diagram provides an explanation of the 
behaviour observed. If not, participants alter the model by adding, 
subtracting or modifying variables and the arrows between them. 
6. Refining the model 
The facilitator encourages participants to mentally test the validity of 
the model by checking the relationships between variables. 
Participants may suggest alternate variables, new variables, or remove 
existing variables. This process continues until the facilitator checks 
that participants are satisfied with the model. 
Non-
sequenced 
steps (used by 
the facilitator 
as required) 
1. Balancing participation 
The facilitator observes the group, to identify individuals who are 
dominating or have been left out. The facilitator can intervene by 
asking a quiet participant for their opinion on an aspect of the model. 
2. Rotating the modeller role 
The facilitator observes the modeller, to check that they are 
representing the group conversation and not only their own ideas. The 
facilitator can intervene by suggesting another participant rotate into 
the modeller role. 
3. Checking model logic 
The facilitator listens to the conversation and watches the model, to 
check that the model accurately reflects the conversation and follows 
modelling convention. The facilitator can intervene to ask questions to 
test the model logic, such as “Can you explain to me how (variable) 
influences (variable)?” 
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Evaluation 
criteria 
1. Discussion appears to be interesting (to participants) and self-
sustaining (Hovmand et al., 2012). 
2. Discussion appears to show general agreement on the model 
structure.  
3. Participants can describe the relationships between variables 
that are shown in the causal loop diagram. 
Author(s) As for main paper. 
History and 
basis for script 
An organisation employee created this script to help middle managers 
and subject matter experts to plan actions to implement a high-level 
20-year strategy. Polarity has been excluded because it is difficult 
novice users to implement accurately (Schaffernicht, 2010). 
Revisions None. 
References This script has some elements in common with “Building a CLD with 
Paper” (“Scriptapedia v3.1”, Peter Hovmand, personal 
communication, 2013), but encourages participants to create the model 
themselves. 
 
A3.3 Workshop Outputs 
This section includes the variables features in behaviour over time graphs, the causal 
loop diagrams (Figures A3.1 – 3.4), and the leverage points, developed by each of the 
four groups.  
The behaviour over time graphs were drawn before the causal loop diagrams, as 
described in the modelling scripts (sections A3.1 and A3.2). During the workshops, the 
causal loop diagrams were refined by participants, so not all the variables explored in 
the behaviour over time graphs can be found in the final causal loop diagram. 
Outputs from group 1 
Workshop topic: What are the factors that influence the productivity of New Zealand’s 
food and fibre sectors? 
Workshop date: 19 September 2011 
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Behaviour over time (variables explored by group): 
• Capital investment (per farm)  
• “New” usable land  
• Freedom of land use change  
• Agricultural workforce age  
• Yields from genetic improvement  
• Complexity of farm systems  
 
Figure A3.1: Causal Loop Diagram for “What are the factors that influence the 
productivity of New Zealand’s food and fibre sectors?” 
Leverage points (selected by group): 
• Skills and capability 
• Regulatory Impact 
• Social Acceptance 
Facilitator notes: 
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• The group started slowly, and appeared to have some degree of suspicion 
regarding the process. 
• There was some discussion of productivity and how it might be defined. 
• Once participants moved to the identification of variables, they appeared more 
enthusiastic. 
• The construction of the causal loop diagram was done collectively – participants 
huddled around the whiteboard and several participants were involved in 
drawing. 
• Participants appeared particularly animated by tracing the loops within the 
causal loop diagram. 
• Identification of leverage points was quick and achieved with apparent 
consensus. No opposing views were offered, even after prompting by the 
facilitator. 
Outputs from group 2 
Workshop topic: What are the factors that influence New Zealand’s export 
opportunities in the food and fibre sectors?  
Workshop date: 20 September 2011 
Behaviour Over Time (variables explored by group): 
• National reputation for integrity  
• Access to markets  
• Supermarket influence along value chain  
• Cultural affinity with trading partners  
• Competency of nations competing for our markets  
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Figure A3.2: Causal Loop Diagram for “What are the factors that influence New 
Zealand’s export opportunities in the food and fibre sectors?” 
Leverage points (selected by group): 
• Cost and complexity of regulation 
• New Zealand influence on international standards 
• New Zealand brand 
• Market knowledge  
Facilitator notes: 
• The participants of this group were experiencing particularly high employment 
uncertainty. 
• The group produced a large number of variables individually, but there was a 
high degree of overlap between participants. 
• Participants were generally communicative and enthusiastic throughout the 
process. 
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• Participants quickly identified “cost and complexity of regulation” and “New 
Zealand influence on international standards” as intervention points. The others 
arose from substantial discussion within the group. 
• Eventually there was consensus on the four leverage points. The facilitator 
asked for any opposing views but none were offered.  
Outputs from group 3 
Workshop topic: What are the factors that influence sustainable resource use in New 
Zealand’s food and fibre sectors?  
Workshop Date: 21 September 2011 
Behaviour Over Time (variables explored by group): 
• Price premium for sustainability 
• Additional environmental assimilation capacity (above use)  
• Public interest in resource sustainability  
• Stakeholder participation in public policy making  
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Figure A3.3: Causal Loop Diagram for “What are the factors that influence sustainable 
resource use in New Zealand’s food and fibre sectors?” 
Leverage points (selected by group): 
• Information and data reporting 
• Management skills/systems 
• Societal attitudes 
• Technology and innovation 
Facilitator notes: 
• The group included two very strong personalities who tended to dominate early 
conversation. 
• The meaning of the workshop topic was not well understood, and there was 
some discussion before a consensus definition was reached. 
• Forty-five minutes into the workshop, a staff member who was not part of the 
group entered the room, and informed participants of an urgent matter. Six 
participants left the workshop, including one of the strong personalities. 
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• Following this disruption, the dynamics of the group appeared to change. The 
remaining participants all contributed and no individual dominated. 
• The group appeared very animated and excited about their work. 
• The causal loop diagram appeared substantially different to the views discussed 
at the beginning of the workshop, and to the prevailing view in the organisation. 
• Participants in this workshop were very keen to understand what would happen 
after the workshop, and how their work would be used. They were keen that 
their conclusions be circulated more broadly. 
Outputs from group 4 
Workshop topic: What are the factors that influence our ability to protect New Zealand 
from biological risk?  
Workshop date: 22 September 2011 
Behaviour Over Time (variables explored by group): 
• Trade and travel volume  
• Cultural affinity of trade and travel partners  
• Shift from inspection to verification  
• Community acceptance of control tools  
• Collection and use of data/intelligence  
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Figure A3.4: Causal Loop Diagram for “What are the factors that influence our ability 
to protect New Zealand from biological risk?” 
Leverage points (selected by group): 
• Perceptions and expectations of risk 
• Alignment of system and stakeholders 
• Availability of tools 
• Access to science 
Facilitator notes: 
• This workshop was held in the afternoon (the other workshops were held in the 
morning). The room was overly warm. 
• There was greater familiarity between participants than in other workshops. 
Despite this, there was little agreement between the variables identified by 
different participants. 
• The causal loop diagram was assembled quickly, but without great care. The 
group then gradually reduced and refined their work. The diagram reached peak 
complexity after about 25 minute, and then was reduced over a further 45 
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minutes. This was different to other groups who tended to build the diagram 
slowly. 
• Identification of leverage points was heated, despite their appearing to be little 
difference in opinions. Eventually apparent consensus was reached. When the 
facilitator asked if there were any other opinions, there were several further 
comments but none disagreed with the leverage points identified. 
A3.4 Evaluation Tools 
The evaluation tools used in these case studies followed the same format for each 
participant in all four groups. However, the individual content of each evaluation 
varied: 
• The questions were modified to relate to the objective of each group 
• The statements to be rated in the rated-preference method were that 
respondent’s own statements from the pre-workshop and post-workshop 
evaluation. 
• The question and the statements in the control ratings method were from a 
participant in another group. 
The evaluation tools shown in Figures 3.5 to 3.9 are therefore examples. In this case, 
they are copies of the evaluation tool shown to participant D6 – that is, the sixth 
participant in the fourth group, which considered the question “What are the factors 
that influence our ability to protect New Zealand from biological risk?” The spaces for 
responses have been condensed to save space – in each of the open questions, 
participants were given four rectangles to write in, each 165mm wide and 35mm high. 
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D6 
What are the most important actions for MAF to do to protect New Zealand from 
biological risk? 
            
 
            
 
            
 
            
 
 
Figure A3.5: Example of pre-workshop evaluation tool, post-workshop tool, or 
delayed evaluation tool: “action-list” method.     
     
D6 
Consider the following statements. Which of these do you think are the most important 
for MPI to do to protect New Zealand from biological risk? Please rank them from 1 to 
6. 
 
____  Be clear about what we’re going to do and what we’re not going to do 
____ Invest in incursion preparedness 
____  Pre-border clearance 
____  Define appropriate level of protection / risk profile 
____  Response system 
____  Connect with others (e.g. international science, regional councils, industry 
agreements) 
 
 
Figure A3.6: Example of delayed evaluation tool: “rated preference” method 
        
D6 
Consider the following statements. Which of these do you think are the most important 
for MPI to do to increase sustainable resource use in New Zealand’s food and fibre 
sectors? Please rank them from 1 to 6. 
 
____  Setting the right limits 
____ LAWF and participation 
____  Education system for management tools 
____  Focussing on understanding, not just more reports 
____  Getting political support 
____  Tech transfer system to use the innovation we have 
 
 
Figure A3.7: Example of delayed evaluation tool: “control ratings” method 
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Appendix 4 Supplementary material to 
“Mechanisms for understanding mental model 
change from group model building” 
 
 
To support improved repeatability of this study, this section includes additional 
information used to conduct the research. Included are the interview questions used, 
and the coding criteria for the content analysis. 
 
A4.1 Interview Questions 
The interview followed a semi-structured format (Kvale and Brinkman, 2008), with 
themes, initial questions and potential follow-up questions/prompts (see Table A4.1). 
The interviewer varied the order of the questions as a result of the responses given, but 
ensured that each theme was thoroughly discussed with each interviewee. The 
interview also included other themes not relevant to this study.  
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Table A4.1: Themes, questions and prompts from semi-structured interviews 
Theme Primary question Secondary prompts 
Recollections 
of the 
workshop 
What do you 
remember from 
the workshop? 
If interviewee can’t remember workshop, 
prompt using location, who participated, 
workshop topic. 
If interviewee goes on to describe content or 
process, adapt question order to follow 
conversation. 
What do you 
remember about 
the process that 
we followed? 
Did you do anything before that?  
Did you do anything after that?  
Do you remember any other steps or tasks?  
How did you do that task?  
What were the steps that you followed in that 
part? 
What was the 
workshop about? 
What can you tell me about the workshop topic? 
What ideas or concepts were discussed? 
What were the conclusions of the workshop? 
Do you remember anything else that was 
discussed? 
Beliefs about 
whether and 
how the 
workshop 
change their 
views 
 
What did you learn 
through the 
workshop? 
 
Do you think that you changed your opinions 
about the workshop topic? 
How did you your opinions change? 
Why do you think your opinion changed? 
Do you think that other participants changed 
their mind about the workshop topic? 
Why do you think that their opinion/s changed? 
Most and 
least useful 
elements 
 
What do you think 
were the most 
useful parts of the 
workshop? 
What elements were the most useful? 
What steps were the most helpful? 
 
What do you think 
were unhelpful or 
less useful parts 
of the workshop? 
Were there any elements that didn’t seem to 
help? 
Were there any aspects that you think impeded 
the workshop? 
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A4.2 Demographic coding 
The coding criteria (Boyatzis, 1998; Cavana et al., 2001) for the content analysis are 
provided below. First, each participant was identified by a letter-number combination 
indicating which workshop group they were part of in the prior study, and an arbitrary 
number (e.g. “A1”, see Table A4.2). Various demographic data was also coded, to 
allow the exploration of any differences between different demographic groups. 
 
Table A4.2: Participant codes 
Characteristic Codes 
Participant group A-D 
Participant number 1-11 
Age (years) Y1-Y99 
Gender M/F 
Education (post-graduate, under-graduate, high school) PG, UG, HS 
Length of employment (years) E1-E99 
Rank (director, group manager, team manager, non-manager) DR, GM, TM, 
NM 
 
A4.3 Content coding 
Content criteria were used to match concepts from the interview transcripts with the 
characteristics of the proposed mechanisms. The characteristics were carefully selected 
from the text in which the original authors first proposed the mechanisms for mental 
model change in group model building. Each proposed mechanisms had a number of 
characteristics. Each characteristic was given a code, and inclusion/exclusion criteria 
(see Table A4.3).  
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Table A4.3: Content codes 
Mechanism Characteristic Criteria Code 
(Supporting/ 
Opposing) 
Operator logic Identification of actions 
with perceived effects 
Effects/causality/influence OL1+/OL1- 
Packaging of 
conclusions into 
discrete chunks 
Discrete conclusions OL2+/OL2- 
Increased repertoire of 
options 
Learning, new options OL3+/OL3- 
Systems 
archetypes 
Perceive generic 
structures 
Archetypes/patterns/ 
generic structures 
SA1+/SA1- 
Consider causal 
relationships 
Effects/causality/influence SA2+/SA2- 
Improved decision 
making based on 
perceived system 
Perception of system/ 
whole/connections, 
improved decision-
making 
SA3+/SA3- 
Modelling as 
persuasion 
Participants’ ability to 
process information 
Understanding/ 
comprehension, 
processing information 
MP1+/MP1- 
Participants’ motivation 
to process information 
Motivation MP2+/MP2- 
Quality of arguments Argument quality MP3+/MP3- 
Persuasive content of 
arguments 
Persuasion, changed 
opinions 
MP4+/MP4- 
Boundary 
objects 
We are all heard Participation/opportunity 
for contribution 
BO1+/BO1- 
We can be clear about 
how we’re affected 
Perspectives, mutual 
understanding 
BO2+/BO2- 
We are all in this 
together 
Opportunity for 
contribution, camaraderie 
BO3+/BO3- 
But maybe we are not 
all stuck 
New solutions BO4+/BO4- 
We can build new 
shared understandings 
New understandings, 
mutual understanding 
BO5+/BO5- 
We agree we can move 
forward 
Agreed solutions BO6+/BO6- 
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Our progress fuels 
working together 
Increased alignment, 
progress/momentum 
BO7+/BO7- 
Boundary 
objects 
(alternative) 
Shared visual 
representations 
Visual representation Ba1+/Ba1- 
Portrayal of 
dependencies and 
relationships 
Connections, causality Ba2+/Ba2- 
Can be modified by 
input from every 
participant 
Opportunity for 
contribution, modifiable 
Ba3+/Ba3- 
 
A4.4 Supporting and opposing criteria 
Responses were identified as supporting or opposing based on both manifest and latent 
meaning (Berg and Lune, 2004). Supporting concepts must be both present and helpful. 
Opposing concepts must be either both present and unhelpful, or not be present. 
 
There were three ways that a quote could be described as supporting a characteristic: if 
it was mentioned in the transcript (manifest) as both present and helpful; if it was 
mentioned (manifest) as helpful (and therefore it was implied that it was present); or if 
it was mentioned (manifest) as present, but from the broader context of the discussion it 
was apparent (latent) that this was perceived as a positive or helpful aspect of the 
workshop (latent).  
 
There were four ways that a quote could be described as opposing a characteristic: if it 
was mentioned in the transcript (manifest) as both present and unhelpful or hindering; 
if it was mentioned as unhelpful or hindering (and therefore it was implied that it was 
present); if it was mentioned (manifest) as present, but from the broader context it was 
clearly perceived as an unhelpful or hindering aspect; or if it was mentioned (manifest) 
as not being part of the workshop. These combinations are shown in Table A4.4. 
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Table A4.4: Combinations of presence and helpfulness under which a concept was 
identified as supporting or opposing a characteristic. 
Value Presence Helpfulness 
Supporting Present (manifest) Helpful (manifest) 
 Present (latent) Helpful (manifest) 
 Present (manifest) Helpful (latent) 
Opposing Present (manifest) Not helpful (manifest) 
 Present (latent) Not helpful (manifest) 
 Present (manifest) Not helpful (latent) 
 Not-present (manifest) Not applicable 
 
Coding criteria were created for each of these categories of presence and helpfulness, as 
shown in Table A4.5. 
 
Table A4.5: Criteria for each category of presence and helpfulness 
Category Coding criteria 
Present (manifest) Could/can/do see 
Could/can/did do 
Is/was about 
Hadn’t previously done 
Different/more/less than other process (implied) 
Changes, different state 
Present (latent) Implied from helpfulness/unhelpfulness 
Not-present (manifest) Not present 
Can not/did not do 
Can not/ did not see 
Is not/was not about 
Did not change 
Helpful (manifest) Was/is useful/helpful/important 
Was/is good 
Was/is easier, faster, more effective 
Was/is easy, fast, effective 
Helpful (latent) Questions about useful elements 
Questions about how views changed 
Unhelpful (manifest) Is not/was not useful/helpful/important 
Is not/was not good 
Is not/was not easier/faster/more effective 
Is not/was not easy/fast/effective 
Unhelpful (latent) Questions about least useful elements 
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Appendix 5 “Supplementary material to 
“Client perceptions on reported outcomes of 
group model building” 
 
To improve repeatability of this study (Vaux et al., 2012), this section includes both of 
the evaluation tools used. These are a semi-structured interview, and a written 
questionnaire. Both the interviews and the questionnaire also contained questions not 
relevant to this study, which have been removed. 
 
A5.1 Interview Questions 
The semi-structured interview consists of themes, primary questions and secondary 
prompts (Kvale and Brinkman, 2008, see Table A5.1). The first theme enquires about 
the interviewees experience with group-decision processes. The second theme involves 
open questions to discover what outcomes the interviewees value. The third theme is 
more structured, and asks interviewees whether they value specific outcomes from the 
literature. 
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Table A5.1: Themes questions and prompts from semi-structured interviews 
Theme Primary 
Questions 
Secondary questions Additional 
prompts 
Use of 
group-
decision 
processes 
How you have 
used group-
decision 
processes in 
your work, 
and how you 
might use 
them in the 
future? 
Can you tell me about a process 
that you have run or led? 
Can you tell me about a process 
that you have commissioned? 
Can you tell me about a process 
that you have been a participant 
in? 
How often do you use group-
decision processes? 
Which groups have been involved 
in these processes? 
Can you tell me about a time that 
involved (each group)? 
Can you think of any other types of 
group-decision processes that you 
are involved in that we haven’t 
discussed already? 
Who 
commissioned 
the process? 
Who led or ran 
the process? 
Who was 
involved? 
How was the 
process 
managed or 
run? 
What steps 
were 
involved? 
 
Most 
valued 
outcomes 
When you are 
running these 
group-
decision 
processes, 
what 
objectives are 
important to 
you? 
When you think about the group 
decision processes you have been 
involved in, how do you decide 
which ones were successful? 
How do you decide which ones 
were less successful? 
What are your goals when you 
design or commission a group 
decision process? 
Have their been times when the 
objectives have been different? 
Why were 
these 
objectives 
important? 
Why did these 
situations 
differ from 
the others? 
 
 
Ratings of 
specific 
outcomes 
Now I am 
going to 
describe 
certain 
findings for 
techniques I 
have been 
researching, 
and I would 
like you to 
think about 
whether that 
outcome is 
important to 
Technique A improves the quality 
of communication between the 
participants.  
Technique B results in increased 
new insights among participants.  
Technique C results in increased 
consensus between participants. 
Technique D results in greater 
commitment by participants to 
implementing the conclusions of 
the workshop.  
Technique E makes strategy 
implementation more effective.  
Technique F results in mental 
Is this outcome 
important to 
you? 
When (or in 
what setting) 
would this 
outcome be 
important to 
you? 
Are there any 
examples that 
you have been 
involved in 
where this 
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you, and how 
or where you 
might use 
that 
technique 
because of 
that finding. 
Each of these 
findings 
relates to 
decisions 
made through 
a group 
meeting or 
workshop 
environment. 
model change in participants.  
Technique G results in mental 
model alignment between 
participants.  
Technique H results in power-
levelling between participants, 
where less-powerful members feel 
less disadvantaged in their ability 
to contribute.  
Participants using Technique I learn 
from and are persuaded by each 
other.  
Participants who use Technique J 
tend not to revert to previous 
modes of thinking even 12 months 
afterwards.  
Participants who use Technique K 
continue to use mental models 
that are more alike 12 months 
afterwards.  
outcome was 
particularly 
important? 
Why? 
Are there any 
examples 
where this 
outcome 
would be less 
important or 
unimportant? 
Why? 
 
A5.2 Written questions 
The written questionnaire consisted of demographic questions and 7-point numerical 
scale questions (Cavana et al., 2001) that asked research subjects to rate individual 
outcomes of group decision processes from 1 (is of no importance) to 7 (is very 
important), as shown in Figure A5.1. 
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   Written questionnaire 
 
Age  ….. years  Gender ….. 
 
I have been employed by the New Zealand government for ….. years 
 
My management level is (circle one): 
Level 3 
Level 4 
Level 5 
Other level/non-manger 
 
My highest academic qualification is (circle one) 
High-School 
Under-Graduate 
Post-Graduate 
 
Please rate each of these findings by how important this characteristic is in your work, 
where 7 is very important and 1 is of no importance. 
 
      No                                    Very 
importance                        important 
Improved quality of communication between 
the participants 
 
   1      2      3      4      5      6      7 
Increased new insights among participants 
 
 
   1      2      3      4      5      6      7 
Increased consensus between participants 
 
 
   1      2      3      4      5      6      7 
Greater commitment by participants to 
implementing workshop conclusions 
 
   1      2      3      4      5      6      7 
More effective strategy implementation 
 
 
   1      2      3      4      5      6      7 
Mental model change in participants 
 
 
   1      2      3      4      5      6      7 
Mental model alignment between participants 
 
 
   1      2      3      4      5      6      7 
Less-powerful able to contribute 
 
 
   1      2      3      4      5      6      7 
Participants learn from and are persuaded by 
each other 
 
   1      2      3      4      5      6      7 
Participants tend not to revert to previous 
modes of thinking even 12 months afterwards 
 
   1      2      3      4      5      6      7 
Participants use mental models that are more 
alike even 12 months afterwards 
 
   1      2      3      4      5      6      7 
 
Figure A5.1: Written questionnaire 
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